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PEEFACE. 


Felix  qui  potuil  rerum  cogno&cere  causas. 

A  CHARACTERISTIC  of  British  medicine  from  the  sixteenth  century  to  the  present  day  has  been  its  readiness 
to  teat  all  theories  by  the  appeal  to  Nature.  This  disposition  was  in  accord  with  the  instinct  for 
practical  affairs  of  a  race  which  has  been  compelled  constantly  to  engage  in  war  and  has  endeavoured 
always  to  wage  war  humanely.  Three  centuries  ago  Harvey,  the  greatest  name  in  British  medicine,  in  his 
oft-quoted  injunction  "  ever  to  search  out  and  study  the  secrets  of  Nature  by  way  of  experiment,"  struck  the 
note  which  has  been  dominant  ever  since.  The  purpose  of  the  following  pages  is  twofold.  It  is  intended  to 
give  a  brief  account  of  the  manner  in  which  the  spirit  that  has  inspired  British  medicine  since  the  days  of 
Harvey  has,  by  the  application  of  scientific  principles  to  practice  and  administration,  mitigated  the  hardships 
and  sufferings  of  those  engaged  in  this  war,  and  it  is  intended  also  to  point  out  how,  by  the  wise  utilization 
of  the  services  of  members  of  the  British  medical  profession,  as  practitioners  of  the  art  or  students  of  the 
sciences  on  which  it  depends,  problems  rendered  acute  by  war  or  newly  brought  to  light  by  it  have  been 
studied,  and  in  many  instances  partially  or  completely  solved  even  during  its  continuance. 

Harvey's  injunction  has  been  the  watchword  of  British  physiology  and  pathology.  The  principle  it 
embodied  was  handed  on  by  a  long  line  of  successors  through  Hales,  Priestley,  Young,  and  Hunter,  to  Lister, 
who,  guided  by  the  fundamental  observations  and  doctrines  of  Pasteur,  brought  about  by  experiment  and  trial 
a  revision  of  the  institutes  of  surgery.  The  story  in  its  main  aspect  is  told  by  Sir  Berkeley  Moynihan  in  the 
eloquent  essay,  remarkable  for  its  philosophic  grasp,  its  learning,  and  its  cordial  tributes  to  the  work  of  men  of 
other  nations,  which  forms  the  first  chapter  of  this  volume. 

At  about  the  time  when  Hunter  by  his  direct  appeal  to  Nature  was  giving  so  great  an  impetus  to 
the  study  of  pathology,  and  helping  to  found  the  science  of  comparative  anatomy,  there  arose  in  Great  Britain 
a  school  of  investigators  which  sought  out  the  causes  of  epidemic  diseases  by  observation  of  the  conditions  under 
which  they  spread  and  by  the  study  of  statistics  of  their  incidence.  Guided  by  these  investigations  methods  of 
prevention  were  devised  which,  when  tested  in  the  Navy,  the  Army,  and  among  the  civil  population,  were  not 
found  wanting.  The  problem  of  scurvy,  the  scourge  of  navies  and  commercial  shipping,  was  attacked  and  solved  ; 
the  problems  of  typhus  and  relapsing  fever  were  attacked,  and  the  relation  of  these  diseases  to  overcrowding, 
dirt,  and  famine  established.  Another  great  step  forward  was  made  when  it  was  shown  that  by  the  application 
of  administrative  measures  founded  on  inquiry  and  observation — by  ensuring  the  purity  of  water  supplies, 
by  the  canalization  of  sewage  and  the  removal  of  refuse — the  incidence  of  typhoid  fever  might  be  enormously 
diminished.  The  new  science  of  bacteriology,  due  at  its  inception  mainly  to  the  prescience  of  Pasteur, 
put  a  new  weapon  into  the  hands  of  civil  and  military  medical  administrators,  and  in  its  effective  use 
this  country  has  not  been  backward.  Pasteur,  when  giving  to  the  world  his  doctrine  of  artificial  immunity 
through  the  inoculation  of  attenuated  virus,  paid  a  generous  tribute  to  the  achievement  of  Edward  Jenner 
in  devising  vaccination  against  small-pox — a  means  of  preventing  that  disease  so  effective  that  the  horror 
it  inspired  a  century  ago  is  now  completely  forgotten.  It  is  in  accordance  with  historical  fitness  that 
antityphoid  vaccination,  which  has  proved  so  efficient  a  prophylactic  in  this  war,  should  have  been  conceived 
and  perfected  by  another  British  physician,  Sir  Almrotli  Wright.  The  system,  severely  tested  before  the  war 
in  the  British  Army  in  India,  and,  with  some  independent  differences  in  method,  in  the  French  Colonial  Army, 
has  been  applied  on  a  large  scale  to  the  armies  of  both  nations  with  remarkable  success  since  the  war  began, 
and  even  by  the  enemy  to  theirs. 

The  extension  of  British  commerce  and  the  acquisition  of  territory  in  tropical  and  subtropical 
countries  early  compelled  attention  to  the  epidemic  diseases  of  hot  climates.  The  chief  of  these  was 
malaria,  which,  though  not  peculiar  to  hot  countries,  attained  in  modern  times  its  greatast  extension  and 
severity  in  them.  It  was  the  main  cause  that  so  many  of  the  richest  tracts  on  the  earth's  surface  were 
uninhabitable  by  the  white  races,  and  were  only  governed  by  them  at  a  heavy  cost  in  life.  Even  after 
it  was  proved  that  extensive  drainage  schemes  might  diminish  their  incidence,  malarial  diseases  continued 
the  despair  of  administrators.  Here  again  the  clue  was  afforded  by  a  French  observer  when  Laveran,  in 
Algiers,  showed  that  malaria  was  associated  with  the  presence  of  a  parasite  in  the  blood  ;  later  it  was 
ascertained  that  the  paroxysms  of  the  disease  coincided  with  a  certain  stage  in  the  life-cycle  of  the 
parasite,  and  that  different  types  of  the  disease  were  attended  by  dift'erent  varieties  of  the  malarial 
haematozoon.  Striking  as  these  observations  were,  they  did  not  afford  effective  means  of  prevention  until 
the  brilliant  hypothesis  of  Manson,  founded  on  the  observations  on  filaria  made  by  him  when  practising  in 
China,  that  the  mosquito  was  the  intermediate  host  of  the  haematozoon,  was  verified  by  Ronald  Eoss,  then 
an  officer  of  the  Indian  Medical  Service.     The  identification  of  the  species  of  mosquito  that  acted  as  host,  and 
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the  study  of  its  life-cycle  and  habitat  quickly  made  plain  the  main  lines  prophylactic  measures  should  take. 
Among  the  first  applications  of  the  new  knowledge  were  those  made  in  the  Suez  Canal  zone  under  the  direction 
of  Eoss,  at  the  request  of  Prince  d'Arenberg,  and  on  a  still  larger  scale  during  the  construction  of  the  Panama 
Canal,  where  the  results  were  even  more  striking. 

The  impetus  .given  to  the  study  of  medical  entomology  by  these  observations  and  their  practical  outcome 
in  the  case  of  malaria  was  very  great.  The  main  incidents  in  the  course  of  the  astonishingly  rapid  development 
of  this  new  field  of  medicine  are  sketched  in  Chapter  XI  by  Sir  Patrick  Manson  himself.  The  whole  story  is 
comprised  within  his  lifetime,  and  to  the  progress  made  he  has  largely  contributed  not  only  by  his  own 
untiring  studies,  but  by  the  inspiration  he  has  given  to  his  pupils  to  search  out  tliese  secrets  of  Nature  by  way 
of  experiment  and  observation. 

At  the  outljreak  of  the  war  the  Medical  Services  of  the  British  Navy  and  Army  each  consisted  of  a 
corps  of  commissioned  officers  with,  under  their  command,  non-commissioned  officer's  and  men  trained, 
after  enlistment,  in  their  special  duties.  The  officers  were  recruited  from  among  young  men  who  had 
completed  their  education  in  the  universities  and  civilian  medical  schools  and  entered  the  service  by 
■  competitive  examination.  The  Indian  Medical  Service,  recruited  in  the  same  way  and  containing  officers 
of  British  or  Indian  birth,  is  organized  on  a  military  basis,  but  the  majority  of  its  members  in  peace 
are  employed  in  civilian  posts.  Along  with  subordinate  medical  services,  military  and  civil,  recruited 
entirely  in  India,  it  formed  the  medical  war  reserve  for  India. 

The  officers  of  the  Naval,  Army,  and  Indian  Medical  Services  underwent,  during  a  period  of  probation, 
courses  of  instruction  in  special  subjects,  including  tropical  diseases,  at  the  Eoyal  Naval  or  the  Eoyal  Army 
Medical  College,  and  were  trained  in  administration  at  military  hospitals  and  in  camps  of  instruction.  Thus 
these  services  consisted  of  medical  officers,  experts  in  their  special  duties,  but  numerically  insufficient  for  the 
great  expansion  in  the  armed  forces  necessitated  by  a  war  on  a  scale  larger  than  had  ever  been  officially  con- 
templated. In  the  case  of  the  army  this  numerical  insufficiency  quickly  became  very  great.  The  Navy  and 
Army  Medical  Services  both  had  small  reserves  of  officers  who  were  immediately  called  up.  The  Territorial 
Force,  raised  for  home  defence  by  voluntary  enlistment  during  peace,  had  its  own  medical  officers, 
civilian  practitioners  who  had  voluntarily  accepted  the  obligation  to  undergo  annual  training  and  to  serve 
with  the  Force  when  mobilized.  In  1907  Sir  Alfred  Keogh,  G.C.B.,  then  Director-General  of  Army  Medical 
Services,  propounded  a  scheme  for  the  organization  of  the  Territorial  Medical  Service.  Thanks  to  his  great 
powers  of  organization  and  the  confidence  felt  in  his  character  and  attainments  by  the  medical  profession 
his  scheme  obtained  the  cordial  co-operation  of  all  the  leading  practitioners  tlA'oughout  the  country. 
It  provided  regimental  medical  officers  and  divisional  staffs  and  the  personnel  and  equipment  for 
twenty-two  General  Military  Hospitals  in  various  centres  officered  for  the  most  part  by  the  members  of  the 
staffs  of  the  large  local  civilian  hospitals.  The  Territorial  Medical  Service  was  mobilized  with  the  rest  of  the 
Territorial  Force  in  the  early  days  of  August,  1914,  but  it  was  realized  from  the  first  that  the  war  would  be 
long — Lord  Kitchener  gave  a  minimum  of  three  years — and  on  an  unparalleled  scale  of  magnitude.  Large  new 
armies  were  raised  by  voluntary  recruitment,  and  civilian  medical  men  volunteered  so  freely  that  it  was  not 
until  the  spring  of  1916  that  any  form  of  compulsion  was  necessary  to  obtain  an  adequate  supply  of  medical 
officers  for  the  new  armies. 

The  nucleus  of  the  medical  service  for  the  large  British  armies  now  afoot  was  formed  by  the  small 
specialized  corps  which  existed  on  a  peace  establishment,  but  eleven-twelfths  of  the  officers  of  the  Eoyal 
Army  Medical  Corps  and  of  the  Canadian,  Australian,  New  Zealand,  and  South  African  Medical  Corps,  now 
serving  with  the  armies  in  France,  Salonica,  Egypt  and  Palestine,  Mesopotamia,  India,  and  Africa,  were 
civilian  practitioners  at  the  outbreak  of  war.  The  present  organization  of  the  corps,  and  the  work  it  is 
doing,  is  described  in  Chapter  XIV.  Happily  the  services  of  Sir  Alfred  Keogh  were  again  available  to  direct 
the  necessary  expansion.  The  record  discloses  an  admirable  foresight  in  the  creation  of  a  body  which 
could  be  so  expanded  and  yet  remain  co-ordinate  in  its  parts. 

At  an  early  stage  a  plan  was  formed  to  appoint  distinguished  members  of  the  staffs  of  civilian  hospitals 
to  be  consulting  physicians  and  surgeons  with  the  army  in  France.  It  was  put  into  force,  as  soon  as  the 
armies  came  to  fixed  positions  after  the  battle  of  the  Marne,  under  the  direction  of  Sir  Arthur  Sloggett, 
Director-General  Army  Medical  Services,  who  had  removed  his  head  quarters  to  France,  while 
Sir  Alfred  Keogh  took  his  place  in  London.  As  the  British  forces  in  France  increased  until  a 
number  of  armies  were  in  the  field,  consulting  surgeons  and  physicians  were  appointed  to  each,  and  for 
areas  in  which  base  hospitals  were  established.  The  plan  was  extended  to  armies  acting  in  other  parts  of 
the  world,  and  also  to  the  area  of  each  military  command  in  the  United  Kingdom.  These  consultants  go  to 
the  military  hospitals  for  purposes  of  consultation  with  the  medical  and  surgical  staffs,  and  those  with  the 
armies  in  the  field  visit  the  field  ambulances,  the  casualty  clearing  stations,  and  the  other  medical  units  in 
the  advanced  or  "  collecting  "  zone  (Chapter  XIV).  The  nature  of  the  services  rendered  by  them,  and  their 
value,  may  perhaps  be  surmised  from  this  brief  statement.  Passing  frequently  from  one  medical  unit  to 
another  they  carry  the  experience  from  one  to  the  other  so  that  a  broad  view  can  be  gained  of  tendencies  to 
disease  and  in  treatment :  they  are  able  to  advise  the  chief  administrative  medical  officers  as  to  means  that 
should  be  taken  to  prevent  disease  or  anticipate  infection,  and  to  afford  opportunities  for  efficient  treatment  at 


the  earliest  possible  moment.  Experiences  are  collected  and  compared,  meetings  of  the  medical  oflicers  of  an 
army  are  held  for  discussion,  and  tlie  consultants  of  all  the  iu-mics  meet  togetlior  until  linally  opinion  on  some 
problem  or  set  of  problems  can  be  crystallized  into  a  nioinorandum  of  advice  which  is  issued  for  information 
and  guidance  to  all  the  medical  officers  of  all  the  armies. 

Tlio  Eoyal  Naval  Medical  Service  was  at  the  beginning  of  the  war  more  nearly  at  war  strengtli  tiian  the 
army,  but  the  increase  of  ships  and  personnel  of  the  British  Navy  lias  made  it  necessary  to  enlarge  the 
medical  service  of  the  navy,  not  only  by  calling  up  the  reserve  but  by  enlisting  the  services  of  many  temporary 
officers  and  by  the  appointment  of  civilian  physicians  and  surgeons  of  eminence  to  act  as  consultants.  The 
Naval  Medical  Service,  like  that  of  the  army,  has  relied  on  laboratory  investigations  to  help  to  the  solution 
of  problems,  some  of  which  were  similar  to  those  with  which  the  army  was  confronted,  but  it  has  also  had 
its  own  special  problems  in  research  and  administration,  and  these  are  described  by  a  number  of  naval 
medical  officers  on  the  active  list  in  Chapter  V,  entitled  "  Medicine  and  the  Sea  Affair." 

The  Medical  Service  of  the  British  Army  went  into  this  war  with  the  advantage  of  accumulated 
■experiences  of  epidemic  disease  derived  in  part  from  military  and  in  part  from  civil  life.  The  most  recent 
military  experience  on  a  large  scale  was  that  of  the  war  in  South  Africa  (1899-1902).  In  that  war,  owing 
mainly  to  the  climatic  conditions,  to  the  scanty  population,  to  the  pastoral  character  of  most  of  the  farming, 
and  to  the  consequent  absence  of  intensive  cultivation  of  the  soil,  the  surgery  was  relatively  simple,  whereas 
prevention  of  epidemic  disease  proved  to  be  a  task  with  which,  under  the  special  conditions  of  that  war,  the 
Army  Medical  Service,  having  the  organization  and  personnel  it  tlien  possessed,  was  unable  effectively  to 
cope.  As  in  so  many  previous  wars  the  army  was  scourged  by  typhoid  fever,  which  caused  large  epidemics, 
undoubtedly  due  to  polluted  drinking  water,  and  smaller  outbreaks  of  which  the  cause  could  not  certainly 
be  ascertained,  and  wliich,  therefore,  could  not  have  been  prevented.  Probably  with  our  present  better 
knowledge,  gained  in  the  main  in  laboratories  at  home  and  in  India,  of  the  etiology  of  the  disease  and 
its  congeners,  and  of  the  menace  to  any  military  force  created  by  hale  carriers  of  the  infecting  microbe,  much 
more  might  have  been  done.  As  it  was,  commanding  officers  had  to  see  their  plans  for  the  future  upset  by 
epidemics  on  a  large  scale,  such  as  that  of  typhoid  fever  at  Bloemfontein,  which  presented  all  the  features  of  an 
outbreak  due  to  polluted  water. 

In  this  war  the  sui-prise  in  store  for  the  medical  service  in  France  was  the  frequency  and  severity  of 
wound  infections.  A  difficulty  besetting  bedside  medicine  and  surgery  is  to  eliminate  the  uncertainties  due 
on  the  one  hand  to  variations  in  the  constitutional  vigour  of  the  patient  and  his  power  of  resisting  disease, 
and  on  the  other  to  the  varying  skill  and  experience  of  the  physician  or  surgeon.  As  all  the  men  in  the 
British  armies  were  in  the  prime  of  life  it  was  thought  that  the  first  cause  of  uncertainty  might 
be  eliminated.  Consequently  when,  in  the  winter  of  1914,  there  began  to  be  seen  both  in  France 
and  among  the  men  sent  home  many  cases  of  wound  infection  of  a  kind  and  severity  unknown 
to  surgeons  trained  in  the  Listerian  era,  there  was  a  disposition  to  blame  either  the  military 
administration  for  delay  in  collecting  the  wounded,  or  the  surgeons  near  the  front  for  inefficient 
methods  of  treatment.  Whatever  the  cause,  these  disabilities  have  disappeared.  They  were  due  in 
reality  to  the  first  shock  of  the  war  falling  upon  a  peaceable  people,  but  the  position  in  the  beginning  was 
not  at  all  clear.  Both  the  causes  suggested  probably  had  their  effect,  but  a  broader  inspection  of  the  facts 
showed  that  another  influence  was  at  work  more  potent  than  either  of  the  other  two.  A  problem  cannot 
be  solved  until  it  has  been  fully  stated,  and  only  when  this  stage  had  been  reached  could  this  problem  be  fully 
stated.  It  was  then  seen  that  the  attempt  to  solve  it  must  include  administrative  measures,  novel  clinical 
action,  and  bacteriological  investigation.  Investigation  showed  that  the  severe  wound  infections  were  due 
to  anaerobic  organisms  derived  from  the  heavy  manuring  of  the  soil  which  is  an  essential  part  of  intensive 
cultivation.  The  articles  in  Chapter  VI  by  the  consulting  surgeons,  the  clinical  surgeons,  ■  and  the 
bacteriologists,  describe  how  they  worked  together  in  tackling  the  terrible  problem  of  gas  gangrene.  Others 
are  afforded  in  Chapter  VII,  in  which  Surgeon-General  Sir  George  Makins  gives  an  account  of  the 
developments  of  British  surgery  in  the  hospitals  on  the  lines  of  communication  in  France. 

Other  examples  of  co-operative  inquiry  at  the  bedside  and  in  the  laboratory  leading  to  impro\ed 
administrative  action  for  prevention  of  disease  and  infection  and  their  better  treatment  are  afforded  in 
Chapters  X  and  XII,  in  which  Sir  John  Eose  Bradford  discusses  gunshot  injuries  of  the  chest,  and  Sir 
Bertrand  Dawson  that  strangest  malady  of  all — infective  jaundice. 

In  Chapter  II  Professor  Andrewes  sketches  the  means  taken  to  organize  research  into  the  cause,  mode  of 
dissemination,  and  treatment  of  the  dysenteries,  of  bilharziasis,  and  of  cerebro-spinal  fever,  and  into  the  mode 
of  dissemination  of  the  various  types 'of  the  enteric  group  of  diseases,  and  the  use  of  mixed  vaccines  for  their 
prevention.  He  gives  a  summary  of  the  long  series  of  researches  into  the  bacterial  causes  of  wound  infections, 
and  of  the  principles  of  the  various  methods  devised  to  counteract  them.  In  Chapter  IV  Dr.  H.  D.  Dakin 
discusses  the  relation  of  biochemistry  to  war  problems,  dealing  particularly  with  the  chemistry  of  disinfection 
and  the  value  of  chlorine  disinfectants,  in  the  investigation  of  which  he  has  taken  a  large  part.  Since  the 
chapter  was  written  he  has  proceeded  further,  and,  working  with  Major  E.  K.  Dunham,  of  the  United  States 
Army  Medical  Service,  has  introduced  certain  chloramines  which  possess  high  disinfecting  powers,  while  thuir 
unirritating  character  renders  them  specially  suitable  for  the  treatment  of  wounds. 


VI 

Many  pi'oblems  had  been  foreseen,  and  had  been  successfully  studied  by  the  pathologists  of  the  Army 
Medical  Service,  but  a  succession  of  others  were  rapidly  presented,  some  of  them  new,  others  old  but  under 
new  aspects.  For  all  it  was  of  the  utmost  importance  quickly  to  find  solutions.  It  would  have  been 
interesting,  had  space  permitted,  to  have  given  a  full  account  of  the  organization  of  the  intensive  combined 
researches  instituted.  Only  incidental  references  to  this  will  be  found  in  the  following  pages,  and  it  must 
suffice  here  to  say  that  it  consisted  of  mobile  laboratories  not  far  behind  the  front — mobile  in  the  sense  that 
the  whole  equipment  could  be  carried  in  a  motor  van,  although  usually  the  director  transferred  his  apparatus 
to  an  improvised  laboratory  in  a  permanent  building — of  clinical  laboratories  attached  to  hospitals,  and  of 
research  laboratories  at  the  bases  abroad  and  at  home.  The  problems  came  thick  and  fast  from  the  hospitals, 
and  admirable  as  has  been  the  work  done  in  the  field  laboratories,  it  was  necessarily  of  a  pioneering  kind, 
the  main  attack  requiring  larger  forces  and  equipment  than  they  possessed.  The  laboratories  and  staffs  of 
the  Army  Medical  Service  at  home  are  fully  occupied  in  routine  work  and  in  the  study  of  certain  special 
problems  of  which  the  prevention  and  treatment  of  tetanus,  and  precautions  against  the  effects  of  poisonous 
drift  and  shell  gases,  only  need  be  mentioned. 

It  was  fortunate  that  there  had  then  recently  come  into  existence  a  body  with  considerable  financial 
resources  designed  to  organize  and  direct  collective  research  on  a  large  scale.  By  a  short  clause  in  the 
Insurance  Act  of  191 1  Parliament  undertook  to  provide  annually  a  sum  of  between  fifty  and  sixty  thousand 
pounds  for  the  advancement  of  medical  knowledge,  and  in  1913  a  committee  of  experts  was  appointed  to  draw 
up  and  administer  schemes  of  research.  In  this  committee — the  Medical  Eesearch  Committee — the  country  had 
a  disinterested  body  of  experts  charged  with  the  duty  of  expending  public  funds  on  medical  investigations, 
possessing  a  staff  of  laboratory  workers  already  organized,  and  commanding  the  services  of  a  secretary 
who  had  previously  won  high  reputation  as  an  independent  investigator,  and  who,  in  this  emergency, 
has  shown  eminent  capacity  in  directing  inquiries  into  the  large  and  complicated  problems  that 
have  arisen. 

This  Committee  was  able  at  the  beginning  of  the  war  to  turn  aside  from  the  schemes  it  had  formulated 
and  at  once  to  institute  comprehensive  researches  into  the  new  problems  affecting  the  military  forces  into 
which  so  large  a  portion  of  the  manhood  of  the  nation  had  been  recruited.  It  is  perhaps  not  too  much  to  say 
that  by  the  initiation  of  many  organized  inquiries  in  the  earliest  months  of  the  war  the  Committee  succeeded, 
directly  and  indirectly,  in  creating  an  atmosphere  in  which,  as  in  no  previous  campaign,  there  has  grown  up  an 
emulation,  especially  well  marked  among  the  younger  workers,  to  improve  the  knowledge  by  which  military 
medical  work  must  be  guided.  The  natural  tendency  in  time  of  war  is  to  assume  that  research  must  stand  still 
while  existing  knowledge  is  applied  to  the  immediate  task  of  defeating  the  enemy.  Looking  back  now  upon 
three  years  of  war  in  which  the  whole  activities  of  the  nation  have  been  mobilized  we  can  see  how  effective 
from  a  purely  military  point  of  view  have  been  many  of  the  advances  in  knowledge  secured  under  war 
conditions.  It  is  such  advances  of  knowledge  that  stand  out  among  the  wastage  of  war  as  benefits  of 
permanent  value  for  the  future. 

Two  other  phases  of  the  work  of  the  Medical  Eesearch  Committee  are  likely  to  make  the  medical  history 
of  the  present  war  especially  noteworthy.  From  the  beginning  the  Committee  has  undertaken  for  the  Army 
Council  the  compilation  of  the  medical  and  surgical  statistics  of  the  war  from  the  books  of  all  hospital  units  at 
home  and  abroad,  and  in  supplement  to  this  has  arranged  for  the  classification  and  indexing  of  the  "  medical 
case-sheets  "  of  all  sick  and  wounded.  Scientific  methods  only  recently  developed  have  been  applied  to  the 
collection  and  analysis  of  the  medical  statistics.  It  will  take  many  years  to  finish  this  work,  but  the  complete 
Card  Index  of  all  sickness  and  casualties  which  is  now  being  formed,  as  a  preliminary  to  the  future  use  of 
modern  methods  of  sorting  and  analysis,  will  remain  after  the  completion  of  military  medical  statistics  an 
invaluable  reference  index  for  the  checking  of  those  claims  upon  the  State  which  must  be  expected,  during  this 
and  the  next  generation,  in  respect  of  future  disability  alleged  to  be  the  secondary  result  of  war  service. 

A  special  characteristic  of  this  war,  novel  in  the  experience  of  the  British  Army  Medical  Service,  is  that 
the  nearness  of  the  chief  fighting  area  and  modern  methods  of  rapid  transport  have  made  it  possible  quickly 
to  transfer  wounded  from  the  front  to  home  hospitals  by  ambulance  trains  and  by  hospital  ships  on  the 
narrow  seas.  These  conditions  have  combined  to  bring  about,  speaking  generally,  the  concentration  in  France 
of  early  medical  and  surgical  treatment  and  of  later  treatment  in  hospitals  in  the  United  Kingdom.  An  official 
mechanism  was  needed  to  link  up  these  two  stages  of  treatment.  Workers  in  France  urgently  needed  the 
knowledge  to  be  derived  from  the  prompt  collection  and  examination  of  the  later  results  of  the  methods  of 
treatment  they  were  following,  for  without  it  they  could  not  improve  them  in  tlie  light  of  experience.  At  the 
same  time  medical  officers  at  home  were  handicapped  by  lack  of  knowledge  of  previous  stages  of  treatment. 
The  Medical  Eesearch  Committee  has  been  able,  with  the  sanction  and  support  of  medical  head  quarters,  to  do 
much  towards  filling  up  of  this  gap.  The  after-histories  of  cases  first  treated  in  France  are  collected  in  groups, 
according  to  official  request,  by  means  of  a  post-card  and  schedule  system,  and  the  results  so  collected 
are  supplemented  by  reports  made  from  time  to  time  upon  the  basis  of  the  classified  medical  case-sheets 
in  charge  of  the  Committee.  By  these  collections  and  reports,  and  their  transmission  to  France,  precise 
knowledge  has  become  available  there  of  the  later  results  of  treatment  as  reflected  in  the  subsequent  hospital 
history  in  this  country  of  many  groups  of  cases,  as,  for  example,  wounds  of  the  abdomen  and  chest, 
amputations,  knee-joint  injuries,  and  nephritis. 
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Information  of  the  greatest  practical  value  for  the  guidance  of  treatment  has  also  been  obtained  by  quite 
a  different  method,  namely,  the  segregation  in  this  country  of  particular  groups  of  cases  for  intensive  study. 
The  first  example  was  the  assignment  of  neurological  cases  to  specialists  and  the  establishment  of  institutions 
organized  for  the  treatment  of  tiio  manifold  forms  of  functional  nervous  disorders  produced  by  tiie  shocks  and 
strain  of  war.  A  system  of  labels  provided,  with  oOicial  sanction,  by  the  Committee  was  inti'oduced  to  ensure 
that  such  cases  should  1)0  sent  to  tlie  special  institutions,  and  witli  it  was  coupled  a  mechanism  for  the 
interchange  of  information  between  medical  officers  responsible  for  the  early  treatment  abroad  and  for  the 
later  home  treatment.  Other  groups  of  cases  segregated  for  particular  inquiries,  at  the  instance  of  the 
Committee,  have  been  those  of  nephritis,  certain  gassed  cases,  cases  of  malaria,  and  men  suffering  from 
disordered  action  of  tlio  heart.  In  Chapter  IX  Sir  Clifford  AUbutt,  Eegius  Professor  of  Medicine  in  tlie 
University  of  Cambridge,  in  discussing  the  investigation  of  the  significance  of  disorders  and  diseases  of  the 
heart  in  soldiers,  founds  himself  on  the  report  made  by  Dr.  T.  Lewis  to  the  Medical  Research  Committee,  with 
regard  to  the  work  done  at  tlie  special  hospital  for  such  cases  established  at  Hampstead.  In  this  hospital  scientific 
investigations  are  being  pursued  which  not  only  have  at  once  led  to  important  eiianges  in  treatment  and  a 
great  reduction  in  the  average  duration  of  the  stay  in  hospital  of  these  cases,  but  will  be  of  permanent  value  to 
civil  medicine.  The  principle  of  specialization  for  particular  purposes  has  now  won  its  way.  Besides  its  value 
in  allowing  the  rapid  collection  of  information,  it  has  been  found  in  suitable  eases  to  encourage  increased 
energy  and  efficiency  in  treatment. 

It  has,  with  one  exception,  been  possible  to  make  only  incidental  references  to  the  elaborate 
organization  built  up  for  the  treatment  of  the  disabled  soldier  returned  to  the  British  Isles  or  to  his  overseas 
home.  The  success  attained  has  not  been  equalled  or  even  approached  in  any  previous  war.  The 
Territorial  and  other  general  military  hospitals,  originally  planned  each  to  provide  beds  for  520 
patients,  have  been  greatly  extended,  auxiliary  military  hospitals  and  convalescent  homes  have  been  set  up 
throughout  the  length  and  breadth  of  the  countries,  and  many  camps  for  physical  reconstitution  and  training 
established.  Special  institutions  have  been  organized  for  the  training  of  men  who  have  lost  sight  or  hearing 
as  the  result  of  wounds.  All  this  organization  has  been  brought  into  existence  in  order  that  the  disabled 
soldier  shall  be  helped  to  help  himself. 

The  great  importance  of  military  orthopaedic  surgery — the  surgery  of  disabilities  and  deformities  of  limbs 
resulting  from  war  wounds — justifies  the  inclusion  of  a  separate  chapter  on  this  subject.  In  it  Dr.  Colin 
Mackenzie,  an  Australian  surgeon  and  anatomist,  discusses  the  object  and  the  methods  of  orthopaedics,  and 
shows  how  principles  evolved  by  the  laljours  of  many  surgeons,  particularly  in  this  country  and  America,  for 
the  rectification  of  congenital  or  acquired  deformities  in  children  have  bean  applied  for  tlie  benefit  of  the 
crippled  soldier.  In  the  second  part  of  this  chapter  he  describes  the  military  orthopaedic  hospitals  and 
auxiliary  institutions  already  at  work.  Large  as  is  the  organization  he  depicts,  it  is  being  continually  extended, 
and  must  continue  to  grow  until  peace  is  restored.  One  of  the  difficulties  encountered  is  to  find  an  adequate 
number  of  surgeons  possessed  of  the  special  experience  and  skill  required.  It  is  a  gratifying  instance  of 
international  comity  that  when  in  this  difficulty  Sir  Robart  Jones,  the  British  Inspector  of  Military 
Orthopaedics,  appealed  to  the  orthopaedic  surgeons  of  the  United  States  to  come  over  and  help  us,  they 
organized  within  a  fortnight  a  body  of  twenty-two  experts,  who  at  once  came   to  England,  and,  with   the 

sanction  of  the  United  States  Government,  placed  themselves  unreservedly  at  his  disposal  to  do  duty  in 
British  military  orthopaedic  hospitals.     Hospitals  have   been  set  up  also   in  England,  Wales,  and  Scotland 

where  men  who  have  lost  an  arm  or  a  leg  are  fitted  with  artificial  limbs  made  in  the  hospital  workshop. 
These  are  permanent  institutions,  and  to  them  the  men  will  be  alile  to  return  at  any  time  during  their  lives, 
should  their  artificial  limbs  cease  to  fit  well  or  wear  out. 

British  medicine  by  an  appeal  to  results  is  justified  before  the  nation.  It  has  yielded  an  army  free  from 
sickness.  To  the  wounded  it  has  brought  instant  and  sustained  relief.  The  guiding  principle  through  which 
it  has  achieved  this  end  in  military  surgery,  medicine,  and  hygiene  is  disclosed  in  these  pages.  The  principle 
is  not  new,  but  it  can  never  grow  old,  for  it  is  "  ever  to  search  out  and  study  the  secrets  of  Nature  by  way  of 
experiment." 
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CHAPTER    I. 
THE    IXSTITUTES    OF    SURGERY  :     AN    HISTORIOAE    REVIEW. 

BY 

Sir  BERKELEY   MOYNIHAN,   C.B.,    M.S.,   F.U.C.S., 

PnoPEsson  of  Ci.inu-ai,  Surgeky  in  the  University  of  Leeds;    Tempohaby  Lieutenant-Colonei.  R.A.M.C. 


Men,  it  is  said,  are  apt  to  be  taken  at  tlieif  own  valuation. 
What  is  true  of  a  man  may  be  true  of  a  nation.  It  is 
beyond  dispute  that  Ciermany,  as  a  result,  in  part,  of  the 
arrogant  repetition  of  her  claim  to  intellectual  superiority 
over  all  nations,  and  in  part,  of  a  tolerant  and  sometimes 
disdainful  silence  or  acquiescence  by  others,  has  been 
accepted  almost  universalh'  as  the  pivot  and  centre  of  the 
world's  thought.  JMy  own  realization  of  this,  in  regard  to 
surgical  matters,  was  dramatic  in  its  suddenness.  I  had 
been  a  student  in  Germany  years  ago,  had  lived  with 
German  students,  and  followed  closely  the  work  of  German 
surgeons  in  several  clinics.  1  had  formed  my  own  conclu- 
sions as  to  the  value  of  the  German  contributions  to  sur- 
gical advancement,  and  nothing  that  has  happened  since 
the  war  began  has  altered  in  any  way  the  opinions  I  then 
held.  About  five  years  ago  one  of  the  most  distinguished 
of  the  Scandinavian  surgeons,  wlio  had  made  a  yearly 
pilgrimage  to  Germany  of  some  weeks'  duration,  came  to 
spend  his  surgical  holiday  in  England.  He  lived  with  me 
for  more  than  a  month.  I  had  always  known  him  as  a 
warm  advocate  of  Germany's  methods  in  surgical  literature 
and  practice,  and  of  his  intellectual  contempt  for  most  of 
tlie  things  which  other  nations  liad  done.  Of  the  work  of 
these  other  nations  he  had  learnt  nothing  at  first  hand  ; 
the  little  he  knew  had  been  distilled  through  the  minds  of 
German  interpreters,  and  had  been  conve3'ed  to  him 
verbally  on  his  frequent  visits,  or  had  been  taken  from  the 
easily  accessible  German  journals  and  textbooks.  At  our 
first  breakfast  meeting  he  told  me  of  his  immense  obliga- 
tions to  Germany,  of  his  schooling  in  her  methods,  of  his 
devoted  attention  to  the  debates  of  the  German  Surgical 
Association ;  and  he  went  on  to  say  that  he  felt  it  almost 
an  act  of  treachery  to  spend  his  surgical  vacation  in  any 
other  land.  And  then  he  gravely  announced  that  "  Of 
course  all  surgical  advance  in  the  last  fifty  years  has  come 
from  Germany."  To  that  kind  of  fervid  unrestrained 
assertion  the  most  fruitful  denial  is  given  by  a  questioning 
assent.  I  answered  :  "Of  course;  tell  me  of  one."  Where- 
upon I  had  to  learn  from  him  that  the  introduction  of  the 
antiseptic  system  into  practice  was  wholly  to  be  attributed 
to  German  research,  adoption,  and  advocacy.  Now  this 
claim  so  confidently  made,  and,  I  liope  I  may  say,  so 
utterly  shattered  in  the  debate  which  followed,  is  precisely 
tlie  type  of  claim  whicli  Germany  her.self  has  always 
made.  Most  of  the  great  ideas,  she  tells  us,  originated 
with  lier;  those  tliat  by  chance  arose  elsewhere  would 
never  have  come  to  fruition  but  for  her  acceptance,  and  for 
the  authority  with  which  thereby  they  were  endorsed. 

Antiseptics. 

Of  the  facts  as  to  the  discovery  of  the  antiseptic  system 
tliere  is,  of  course,  no  dispute.  Tliey  begin  with  the  dis- 
covery in  1836  by  Latour  of  the  living  character  of  the 
yeast  ceils  by  which  fermentation  was  produced.  This 
discovery,  it  is  interesting  to  recall,  was  denied  both  by 
Liebig  and  by  Helmholtz.  The  confirmation  and  exten- 
sion of  this  work  by  Pasteur  in  1856  sliowed  tliat  putre- 
faction and  fermentation  were  tlie  result  of  living  particles, 
and  that  for  each  type  of  fermentation  a  specific  particle 
was  necessary.  "  The  most  far-reaching  of  my  researches," 
said  Pasteur,  "  is  simple  enougli ;  it  is  that  putrefaction  is 
produced  by  living  ferments."  He  asserted  that  the 
oxygen  of  the  air  svas  not  the  cause  of  putrefaction,  as 
every  one  hitherto  had  supposed ;  that,  indeed,  some  of 
the  causes  of  decomposition  could  thrive  only  in  the 
absence  of  oxygen.  This  observation,  too,  which  dis- 
tinguishes "aerobic"  from  "anaerobic"  organisms,  is  of 
the  first  importance.  It  was  these  discoveries  wliich 
suggested  to  Lister  the  thought  that  the  putrefactive 
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changes  in  wound  discharges  might  be  due  to  living 
organisms,  and  that  the  exclusion  of  these  would  enable 
wounds  to  heal  without  the  formation  and  corruption  oi 
purulent  discharges. 

In  1867  Lister  wrote :  "  When  it  had  been  shown  by  the" 
researches  of  Pasteur  that  the  septic  property  of  the 
atmosphere  depended,  not  on  the  o.xygen  or  any  gaseous 
constituent,  but  on  the  minute  organisms  suspended  in  it 
which  owed  their  energy  to  their  vitality,  it  occurred  to 
me  tliat  decomposition  in  the  injured  part  might  be 
avoided,  without  excluding  the  aif,  by  applying  as  a 
dressing  some  material  capable  of  destroying  the  life  of 
the  floating  particles." 

A  discovery  is  rarely  the  worli  of  one  mind.  It  is  one 
observation  added  to  another  that  makes  the  super- 
saturated solution  from  whicli  the  crystal  of  trutli  at 
last  precipitates.  Lister  never  ceased  to  give  credit  to 
Pasteur  for  his  share  in  tlie  work  that  led  finally  to  the 
development  of  the  antiseptic  method.  The  exploratory 
work,  tlie  pioneer  work,  all  that  was  original,  was  done 
therefore  by  a  French  observer  and  an  English  surgeon. 
The  exploitation  of  this  work,  it  is  true,  was  almost  at 
once  eagerly  and  widely  carried  out  by  the  surgeons  of 
Germany.  The  system  was  examined,  appraised,  and 
adopted  throughout  the  whole  empire  of  Germany ;  but 
so  it  was  elsewhere.  Lister  never  had  a  more  ardent,  a 
more  scrupulous  and  conscientious  pupil  than  Lucas- 
Champioiiniere.  Up  to  his  death  this  veteran  French 
surgeon  carried  out  with  meticulous  care  exactly  those 
procedures  which  he  had  learnt  from  Lister.  But  the 
loud  shouting  in  support  of  the  antiseptic  treatment  came 
chiefly  from  Germany.  When  in  1875  Lister  visited  that 
country  his  progress  was  a  triumph.  It  is  notorious, 
however,  that  in  carrying  tlie  Listerian  principles  to  their 
logical  conclusion  in  practice,  Germany  fell  far  behind 
other  countries.  In  recent  times  has  any  surgeon  visited) 
Germany  to  learn  a  good  technique  ?  Is  it  not  true  to  say 
that  those  surgeons  of  whom  one  heai'd  most  in  the  world,, 
great  teachers  and  writers  as  thej'  doubtless  were,  were- 
lacking  in  the  very  rudiments  of  a  sound  and  careful 
method?  There  was  not,  I  truthfully  believe,  one  surgeon 
in  the  whole  German  empire  who  looked  upon  an  opera- 
tion as  an  experiment  in  bacteriology,  and  who  to  avoid 
infection  in  iiis  wounds  used  scrupulous  care  in  the 
preparation  and  manipulation  of  his  instruments  and 
materials,  who  avoided  chance  contamination,  and  who 
used  e.Ktreme  gentleness  and  delicacy  of  touch  as  modes  of 
avoiding  that  form  of  trauma  which  makes  infection  easy. 
And  the  average  display  of  a  technique  called  aseptic  or 
antiseptic  was  something  immeasurably  below  the  standard 
of  some  surgeons  in  England  and  of  many  in  America. 
Even  in  the  method  they  so  ardently  exploited,  and  in  a 
field  tliey  claimed  as  their  own,  they  fell  far  short  of  the 
best.  This  example  is  typical  of  many.  .\11  modern 
surgery,  as  we  know,  dates  from  Lister.  The  difference 
beiween  the  surgery  of  ancient  days  and  the  surgery  we 
practise  to-day  is  expressed  in  one  word,  "  Lister." 

Of  all  the  advances  made  in  surgery  the  most  fruitful 
and  the  most  interesting  is  that  which  depends  upon  a 
study  of  the  "pathology  of  the  living."  Lister  made  it 
possible  to  operate  with  safety  upon  conditions  which 
threatened  life,  or  made  it  almost  unendurable — sncli.  for 
example,  as  ovarian  cyst.  And  by  degrees,  as  methods 
were  perfected  and  experience  widened,  other  diseases 
could  be  attacked,  at  first  in  their  terminal  or  more 
dramatic  manifestations,  as  in  the  perforation  of  gastric  or 
duodenal  ulcers;  and  later  in  their  pathological  career  as 
disturbers  of  function  or  of  health,  before  the  later  compli- 
cations had  had  time  to  develop.  It  is  interesting  to  note 
that  tlie  first  surgical  attack  upon  many  diseases  afflicting 


BRITISH    MEDICINE    IN    THE    WAR,    1914-: 7. 


the  abdominal  viscera  lias  been  made  when  tei-minal 
events  have  rudely  developed,  and  when  therefore  the 
8urf;ical  hazards  were  greatest.  It  was  only  in  later  days 
that  the  deliberate  operations  for  initial  stages  of  the  same 
disease  were  brouglit  within  the  province  of  the  surgeon. 

The  Appe.\l  to  Nature. 

When  we  review  the  wonderful  and  varied  achievements 
of  medicine  it  is  not  easy  to  fix  a  time  at  which  the  science 
and  the  art  of  surgery,  as  we  think  of  them  to-day,  began 
to  develop.  As  we  look  back  we  realize  that  it  is  because 
of  the  work  of  Vesalius  the  anatomist,  of  Harvey  the 
physiologist,  of  Morgagni  the  father  of  pathology,  and 
later  of  John  Hunter,  the  iirst  of  scientific  surgeons,  that 
all  subsequent  advances  were  made  possible.  From  the 
rude  efforts  of  the  early  and  mediaeval  surgeons  the  first 
real  step  forward  was  made  by  Ambroise  Pare,  who  stands 
conspicuous  above  all  his  contemporaries  at  the  time  of  the 
Renaissance.  Between  Pare  and  Hunter  probably  only  one 
surgeon  was  of  serious  consequence  in  the  progress  of  our 
art.  This  was  Richard  Wiseman,  a  man  "  given  to  the 
observation  of  nature,"  who  was  the  first  to  advocate  and 
practise  primary  major  amputations.  Till  the  days  of 
Hunter  surgery  produced,  it  is  true,  great  or  successful 
individual  practitioners,  but  there  was  little  or  no  progress 
in  the  scientific  work  upon  which  the  craft  must  always  be 
based. 

It  was  Hunter  in  England,  and  Bichat  in  France,  who 
went  to  original  sources  for  their  knowledge.  Hunter 
wrote  of  himself,  "I  am  not  a  reader  of  books,"  and  "I 
believe  nothing  I  have  not  seen  and  observed  myself.  '  His 
prodigious  industry,  his  intellectual  rapacity,  his  vast  store 
of  first-hand  observation,  and  his  simple  a,ttitude  as  a 
student  all  his  life,  are  not  equalled  in  the  history  of 
Medicine.  Harvey  had  said  of  himself  that  he  felt  it  in 
some  sort  criminal  to  call  in  question  doctrines  that  had 
descended  through  a  long  succession  of  ages  and 
carried  the  authority  of  the  ancients,  but  he  "  appealed 
unto  Nature,  that  bowed  to  no  antiquity,  and  was  of 
still  higher  authority  than  the  ancients."  With  Hunter  it 
was  quite  different.  His  eager  inquiry  was  always  for  the 
story  as  it  was  written  by  disease  upon  the  tissues  of  the 
dead  body.  His  information  was  always  first  hand, 
gleaned  from  every  source,  with  unwearying  patience  and 
untiring  zeal.  His  disregard  of  written  words  and  of 
ancient  authors  was  deplorable  no  doubt,  but  a  striking 
and  authentic  characteristic  nevertheless.  His  reply, 
when  taunted  with  ignorance  of  the  classics,  is  famous : 
"  Jesse  Foot  accuses  me  of  not  understanding  the  dead 
languages,  but  I  could  teach  him  that  on  the  dead  body 
which  ho  never  knew  in  any  language,  dead  or  living." 
He  was  the  born  collector,  possessed  of  an  insatiable 
appetite  for  knowing  rather  than  wondering,  and  for  seeing 
rather  than  reading  or  hearing  of  another's  work.  No 
man  ever  suffered  less  from  the  tyranny  of  the  written 
word  ;  no  man  ever  searched  more  dihgently  or  in  humbler 
mood  for  those  eternal  sources  of  the  truth  upon  which 
alone  a  science  of  medicine  can  be  founded,  and  from 
which  alone  it  can  be  continually  refreshed.  Hunter 
realized,  as  Pare  and  Franco  before  him  had  done,  as 
ever}'  great  original  thinker  since  has  done,  that  the  foun- 
dations of  true  progress  in  scientific  work  are  laid  deep, 
that  it  is  "from  the  depths,  not  from  the  heights,  that 
medicine  is  fed  ;  from  the  springs,  not  from  the  sky."  The 
impetus  and  the  authority  given  to  surgical  work  by  the 
researches  of  Morgagni,  of  Bichat  and  of  Hunter  were 
incalculable.  Tlie  time  was  gone  for  ever  when  a  pure  and 
dangerous  empiricism  could  be  practised ;  surgery  became 
a  rational  procedure,  and  its  new  ventures  were  held  in 
restraint,  as  we  now  realize,  only  by  the  fear,  or  rather 
the  certainty,  of  inflammatory  complications  more  im- 
mediately dangerous  than  the  disease  from  which  relief 
was  sought. 

For  the  groundwork  of  medicine  and  of  surgery,  there- 
fore, Germany  was  in  no  degree  responsible.  It  was 
Vesalius  of  Brussels  who  laid  solid  the  foundation  of 
anatomy,  in  a  treatise  remarkable  alike  for  the  accuracy 
of  the  descriptions  and  for  the  beauty  of  the  illustrations, 
which  came  perhaps  from  the  studio  of  Titian.  It  was 
Harvey,  our  own  countryman,  who,  by  his  immortal  dis- 
covery, swept  awaj'  the  decay ing  fragments  of  Galeuism,  and 
made  possible  all  later  researches  in  physiology.  It  was 
Morgagni,  the  Italian,  who  brought  together  the  statico 


and  dynamics  of  medicine,  who  founded  pathology,  the 
science  of  the  causes  of  error  in  the  working  of  the  human 
machine,  and  who  explained  symptoms  by  assigning  them 
to  structural  alterations  in  the  several  organs  ot  the  body. 
It  was  Hunter  who  changed,  surgery  from  a  handicraft  to 
an  art  based  upon  an  accurate  knowledge  of  diseased 
tissues,  who  first  made  of  surgery  a  science.  It  was 
Pasteur,  the  Frenchman,  who  guided  Lister  to  his  dis- 
covery of  antiseptic  surgery,  which  has  changed  the  whole 
historj'  of  our  science  and  craft.  It  was  Morton  and 
Warren  of  Boston,  and  Simpson  ot  Edinburgh,  who,  by 
the  discovery  of  etlier  and  of  chloroform,  robbed  surgery  of 
its  agony  and  horror  and  made  it  accessible  as  well  as 
possible.  To  all  the.se  weighty  matters,  to  all  the  in- 
dispensable achievements  without  which  medicine  could 
have  made  no  advance,  it  is  the  simple  truth  to  say  that 
Germany  gave  nothing. 

Abdominal  Surgery. 

The  first  great  surgical  adventure  of  modern  times  was 
concerned  with  the  removal  of  ovarian  cysts.  The  history 
of  ovariotomy  is  well  known,  but  will  bear  at  this  moment 
a  brief  repetition.  Removal  of  the  ovaries  in  animals  and 
in  aborigines  has  been  jiractised  from  prehistoric  times. 
In  the  literature  of  the  middle  ages  several  curt  references 
were  made  to  "dropsical  ovaries";  and  opinions  were 
expressed  that  operative  measures  might  sometimes  be 
undertaken  with  a  remote  chance  of  cure.  The  first 
successful  case  was  operated  upon  iu  1701  by  Houston  of 
Glasgow  the  patient  lived  till  1717.  .Tohn  Hunter  wrote 
in  1785  :  "  I  cannot  see  any  reason  why,  when  the  disease 
can  be  ascertained  in  an  early  stage,  we  should  not  make 
an  opening  into  the  abilomen  and  extract  the  cyst  itself." 
Before  this  William  Hunter  had  written,  in  1762:  "It 
has  been  proposed  by  uiodern  surgeons,  deservedly  of 
the  first  reputation,  to  attempt  a  radical  cure  by 
incision  or  suppuration,  or  by  excision  of  the  cyst." 
The  first  surgeon,  however,  to  whom  the  woj'ld's  credit 
and  applause  are  due  for  establishing  the  operation  as  a 
proper  and  safe  procedure  was  McDowell  of  Kentucky, 
an  old  pupil  of  John  Bell  in  Edinburgh,  by  whose  teaching 
he  was  inspired.  McDowell's  first  case  was  operated  upon 
in  1809;  the  patient  lived  till  1814.  Between  1809  and  his 
death  in  1830  McDowell  operated  upon  ovarian  tumours  in 
thirteen  cases,  and  it  is  known  that  eight  patients  re- 
covered. After  his  day  the  operation  fell  into  disrepute, 
and  the  failures  were  so  many  that  Baker  Brown  aban- 
doned the  operation,  saying :  "  It  was  of  no  use,  peritonitis 
would  always  beat  one."  It  was  after  his  return  from  the 
Crimea  that  Spencer  Wells,  an  old  jjupil  of  the  Leeds 
Infirmary,  upon  his  appointment  to  the  Samaritan  Hos- 
pital, began,  in  1858,  that  series  of  operations  which  firmly 
established  the  surgical  treatment  of  ovarian  tumours  in 
favour,  and  by  its  success,  and  by  the  influence  it  had  upon 
the  treatment  of  other  intraperitoneal  conditions,  opened 
up  the  whole  field  of  abdominal  surgery.  The  opposition 
to  the  surgical  treatment  of  ovarian  cysts  was,  as  is  well 
known,  of  the  most  bitter  and  inveterate  kind,  but  Spencer 
Wells,  by  his  simplicity  of  character,  his  unwavering 
integrity,  and  his  sweet  reasonableness  in  argument,  wore 
down  all  antagonism.  In  the  year  1880 — that  is,  in  twenty- 
two  years — he  had  operated  upon  1,000  cases,  of  which 
768  recovered.  During  the  first  five  years  one  patient  died 
in  every  three  operations  ;  in  the  last  two  years  one  patient 
died  iu  every  ten.  Writing  in  1882  Spencer  Wells  said, 
"  In  Germany  until  quite  recently  ovariotomy  was  scarcely 
talked  or  thought  of."  Billroth,  in  a  lecture  on  ovario- 
tomy, said  of  Spencer  Wells,  "  I  shall  willingly  regard 
myself  during  my  lifetime  as  his  scholar."  It  is 
astonishing  to  recall  that  Spencer  Wells's  early  success 
was  achieved  before  the  introduction  of  antiseptic  surgery. 
In  the  edition  of  his  work  on  Ooarian.  and  Uterine 
Tumours,  published  iu  1882,  he  endeavours  to  estimate  the 
difference  in  the  mortality  and  morbidity  of  his  cases 
as  a  result  of  the  introduction  of  Lister's  methods.  It  is 
therefore  true  to  say  that  the  whole  of  the  immense  pro- 
gress that  abdominal  surgery  and  internal  medicine  have 
made  in  the  last  thirty  years  has  been  due  to  the  impulse 
and  the  investigations  of  these  two  English  surgeons, 
Spencer  Wells  and  Lister.  In  all  the  pioneer  work  which 
made  possible  the  infinite  achievements  of  modern  abdo- 
minal surgery,  the  contribution  of  Germany  was  precisely 
nothing.     What  part  has  she  played  in  the  later  progress  ? 
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Let  ns  tako  for  a  lifst  iminii-y  tho  surf^cry  oE  the  gall 
iblaiUler.  Tho  fullest  accouut  of  the  liistory  of  this  cxti-a- 
oixluiarily  iutei'estiiif^  adveiitiue  iu  sui-gei-y  is  given  by 
iiKiuy  Geniiau  authors,  of  whom  Ijiugoubueh  is,  pci'haps, 
the  chief.  On  page  after  page  of  tho  story  as  told  by  liim 
refeienee  is  laade  to  the  priority  of  German  surgeons,  aud 
pride  in  German  achieveinents  is  openly  and  frequently  ex- 
pressed. A  chapter  of  this  autlior  does  duty  not  only  as 
ix  contribution  to  the  history  of  surgery  but  as  a  political 
pamphlet  also.  Aud,  like  much  in  the  literature  of  politics, 
it  is  found  on  close  examination  to  be  acutely  controversial, 
when  it  is  not  false.  What  are  the  facts'?  The  first 
attempt  to  deal  surgically  with  the  gall  bladder  was  made 
experinientallj-  by  Zambeccari  iu  1630.  This  observer 
ligatured  the  cystic  artery  and  duct  iu  a  dog  and  removed 
the  gall  bladder.  Two  mouths  later  the  dog  was  killed, 
and  to  the  ligatured  stump  omentum  and  small  intestine 
were  found  adherent.  To  Jean  Louis  Petit  in  1743  is  to 
be  attributed  the  first  suggestion  of  tho  surgical  treatment 
of  a  distended  gall  bladder,  and  the  first  considered  attempt 
to  deal  operatively  with  it  during  the  life  of  the  patient. 
Over  a  century  later,  iu  1859,  Thndichum,  iu  a  paper  on 
the  "Pathology  aud  treatment  of  gall  stones,"  wrote:  "In 
decided  cases  the  surgeon  should  consider  the  propriety  of 
planning  aud  performing  an  operation  for  the  extraction 
of  these  foreign  bodies  either  in  a  direct  manuer  or  by 
forming  a  biliary  fistula  and  adopting  a  lithotriptic  pro- 
ceeding." In  1876  Thndichum  and  Maunder  again  broached 
the  subject,  and  iu  1878  Uaudtield  Jones  also  proposed 
operation  to  a  patient  suffering  from  cholelithiasis.  Iu 
the  year  1867  an  American  surgeon,  Ur.  Bobbs,  operated 
upon  a  case  of  abdominal  tumour,  diaguosed  as  probably 
one  of  ovarian  cyst.  Tlie  tumour  proved  to  be  a  gall 
bladder,  upon  which  Bobbs  performed  "lithotomy,"  re- 
moving several  stones.  But  it  is  to  Marion  Sims  that  the 
credit  is  to  be  given  for  the  first  formulation  of  the  opera- 
tion of  cholecystotomy ;  the  deliberate  planning  and  the 
practical  accomplishment  of  a  procedure  so  carefully 
designed  aud  so  thorough  that  Lawsou  Tait  wrote,  "  The 
entire  possibilities  of  the  treatment  of  gall  stones  and 
distended  gall  bladder  are  exhausted  in  Dr.  Marion  Sims's 
original  paper." 

The  first  operation  successfully  performed  in  two  stages 
is  to  be  credited  to  Ivocher,  who  in  1878  opened  the 
abdomen,  packed  round  the  gall  bladder  with  Lister's 
gauze,  and  six  days  later,  when  a  barrier  of  adhesions 
had  formed,  opened  the  gall  bladder  and  emptied  it  of 
stones. 

An  examination  of  all  the  lengthy  literature  of  this 
subject,  however,  leaves  one  in  no  doubt  that  the  most 
conspicuous  merit  for  the  pioneer  work  attaches  to 
Lawson  Tait.  It  was  lie  who,  basing  liis  work  upon  the 
case  of  Marion  Sims  (a  case  of  common  duct  obstruction, 
with  jaundice,  which  proved  fatal  iu  a  few  days  from 
haemorrhage),  made  of  cholecystotomy  a  safe  operation. 
Probably  no  operation  of  equal  difficulty  and  severity  was 
ever  ushered  into  the  world  with  so  marvellous  a  series  of 
successful  cases.  In  1884  Tait  wrote  :  "  I  have  performed 
the  operation  thirteen  times,  and  all  recovered."  Up  to 
the  end  of  1884  there  had  been  performed  iu  all  the 
world  twenty-eight  operations,  of  which  Lawson  Tait  did 
thirteen.  Of  the  first  104  cases,  lie  had  operated 
upon  56 ;  the  whole  of  Germany  then  claimed  9  cases. 

Cholecystectomy,  the  safe  iiossibility  of  which  had  been 
shown  experimentally  two  and  a  half  centuries  before, 
was  first  performed  on  July  15tli,  1882,  by  Langenbuch. 
This  is  a  very  valuable  addition  to  the  resources  of  the 
surgeon  and  its  originator  may  well  have  had  a  legitimate 
pride  in  its  inauguration.  AVe  cannot,  however,  hope  to 
pay  to  his  memory  the  luscious  compliment  he  paid  liim- 
self  in  the  arrogant  Prussian  fashion  and  at  inordinate 
length.  If  it  is  the  only  original  contribution  of  Germany 
to  the  surgery  of  the  biliary  system,  it  is  in  truth  a  con- 
siderable one. 

In  the  later  developments  France,  England,  and  America 
may  claim  that  they  have  played  the  greater  part.  To 
them  are  due  not  only  those  advances  along  the  frontier  of 
medicine  which  have  disclosed  to  us  the  early  symptoms 
of  cholelithiasis,  but  also  those  technical  perfections 
which  have  made  precocious  interference  the  safest  and 
most  prudent  of  all  modes  of  trgatment.  Over  against 
this  recent  work  what  has  Germany  to  show '?  She  has 
one  man  of  large  experience  to  put  forward — Kehr,  and 
he    is,    indeed,   a   typical   representative  of    his   country. 


Kclir  has  been  a  jirolilic  writer  and  has  published  very 
full  accounts  of  his  tc^chniquc  aud  results.  Kehr  advises 
operation  whore  there  is  obstruction  of  the  cystic  duct, 
infection  of  tlic^  gall  bladder  or  duels,  or  when  stones  are 
arrested  iu  the  common  bile  duct.  A  great  many  of  the 
indications  accepted  by  surgeons  in  other  countries  are 
omitted.  For  the  puri)Ose  of  access  to  t)ie  parts  he  has 
devised  an  incision,  the  Wrllcnxchnilt ;  of  great  length, 
it  begins  in  the  epigastrium  below  the  ensiform  carti- 
lage, extends  downwards  towards  the  umbilicus,  then 
across  the  right  rectus  transversely  for  2  in.,  and, 
tinall}',  vertically  down  the  rectus  for  3  in.  to  4  in.  A 
very  free  exposure  results.  In  all  cases,  or  almost 
all,  the  gall  bladder  is  removed,  and  the  hepatic  duct 
drained,  oi'ten  by  a  tube  of  T-shape,  one  arm  of  which  goes 
upwards  to  the  liver,  the  other  downwards  to  the  duo- 
denum. The  methods  throughout  are  crude,  coarse,  heavy- 
handed,  lacking  everything  iu  the  way  of  daintiness  and 
refinement.  This  is  expressed  in  the  results,  in  which  the 
mortality  and  morbidity  are  excessive.  So  far  as  the 
'purely  intellectual  side  of  the  work  is  concerned,  in  all 
Kehr's  writings  there  is  nothing  at  first  hand.  The 
inquiry  as  to  the  inaugural  symptoms  of  cholelithiasis,  the 
question  of  the  early  recognition  of  the  presence  of  stones, 
the  association  of  gall  stones  with  other  abdominal  dis- 
eases, appendicitis,  intestinal  stasis,  in  the  relation  of 
effect  and  cause — of  these  matters  there  is  rarely  an 
original  observation.  There  is  the  same  academic  com- 
pleteness of  exposition  which  we  find  in  all  German  work; 
full,  indeed  tedious,  accounts  of  auytliiug  and  everything, 
wearisome  prolixity ;  but  the  facts  aud  records  are  there  in 
full.  The  only  original  piece  of  work  done  in  the  whole 
realm  of  cholelithiasis,  in  recent  years  in  Germany,  is 
that  upon  the  formation  of  gall  stones,  by  Aschoff  aud 
Bacineister ;  it  is  important  and  accurate,  but  it  touches 
only  the  fringe  of  the  larger  question  of  cholesterinacmia, 
in  which  the  chief  work  has  been  done  by  the  French. 

What  is  the  history  of  the  surgery  of  the  stomach  '.'  The 
earliest  account  of  gastric  ulcer  was  given  by  Matthew 
Baillie  iu  1793.  It  is  true  that  the  disease  is  mentioned 
both  by  Galen  and  Celsus,  and  that  there  are  records  of 
probable  cases,  when  haemorrhage  or  perforation  occurred 
or  fistula  into  the  stomach  developed,  as  early  as  the 
sixteenth  century.  But  the  first  clear  and  illustrated 
anatomical  description,  accompanied  by  clinical  histories, 
was  given  by  Baillie.  It  is,  however,  to  Cruveilhier,  who 
wrote  in  1829  aud  1830,  and  up  to  the  year  1838,  that  we 
give  credit  for  the  first  full  and  accurate  descriptions  of 
the  pathology  and  clinical  manifestations  and  treatment 
of  this  disease.  These  descriptions  are  in  the  tenth  and 
twentieth  parts  of  his  splendidly  illustrated  work  on 
pathological  anatomy.  To  Cruveilhier  the  famous  German 
physician  Ewald  attributed  the  first  careful  and  compre- 
hensive description  of  gastric  ulcer,  and  said  that  he  "  was 
the  first  to  raise  the  gastric  ulcer  from  a  curiosity  of  tlie 
autopsy  table  to  the  dignity  of  a  definite  and  recognizable 
pathological  condition."  In  the  year  1835  Cruveilhier  gave 
the  first  suggestion  of  the  development  of  cancer  from  a 
simple  ulcer. 

The  earliest  records  of  duodenal  nicer  are  found  in 
connexion  with  stray  cases,  or  iu  those  where  perforation 
or  haemorrh.'ige  had  occurred  and  caused  death.  The 
earliest  mention  was  by  Travers  in  1817.  Abercrombie  in 
1830  gave  the  first  connected  account  of  the  disease,  aud 
recorded  a  few  cases.  In  1894  the  first  successful  case  of 
operation  for  a  perforated  ulcer  was  recorded  by  H.  P. 
Dean  of  London.  In  1900  Weir  of  Xew  York  gave  an 
excellent  summary  of  all  the  cases  of  perforation  then  on 
record.  But  of  duodenal  ulcer  as  a  cause  of  continued  or 
recurrent  dyspepsia,  or  as  a  pathological  lesion  to  which 
were  attached  a  series  of  symptoms  capable  of  recognition 
during  life,  there  is  nothing.  The  first  ascription  of  a 
group  of  symptoms  to  the  definite  structural  lesion  in  the 
duodenum  is  to  be  placed  to  the  exclusive  credit  of  English 
medicine. 

The  development  of  the  surgery  of  the  stomach  has 
been  one  of  the  most  brilliant  aud  most  fascinating  of  all 
the  receut  conquests  of  our  art.  So  long  ago  as  1810  it 
had  been  shown  by  Merreni  that  the  removal  of  a  part  of 
the  stomach  in  dogs  could  be  followed  by  recovery.  This 
experiment  was  repeated  and  multiplied  in  1876  by 
Gussenbauer  and  Winiwarter.  It  is,  however,  to  a  French 
surgeon,  a  most  dexterous  operator,  that  the  credit  is  due 
for  the  first  attempt,  albeit  unsuccessful,  to  remove  a  part 
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of  the  stomach  for  cancer.  Ou  April  9th,  1879,  Peau  of 
Paris  carried  out  the  first  pylorectomy  for  malignant 
disease.  The  operation  was  repeated,  again  with  a  fatal 
result,  by  Kydygier  in  1880.  It  was  on  February  8th, 
1881,  that  ]5ilh'otli  in  Vienna  performed  the  first  success- 
ful gastric  resection  for  carcinoma.  I  have  seen  the 
specimen,  which  consists  of  the  pyloric  end  of  the  stomach; 
it  measures  about  3  in.  in  length  in  its  present  state.  It  was 
the  work  of  Billroth  and  of  his  assistants  Mikulicz  and 
Wollier  that  proved  the  surgical  treatment  of  carcinoma  of 
the  stomach  to  be  feasible.  Billroth  clearly  laid  down  the 
principles  and  the  technical  details  to  be  observed  in  all 
gastric  operations.  All  later  work  was  made  possible  by 
his  work,  and  we  may  safely  reckon  his  contribution  to 
this  branch  of  surgery  as  the  finest  of  the  many  notable 
achievements  in  the  life  of  this  great  surseou.  It  fell  to 
Wiilrter,  while  assistant  to  Billroth,  to  perform  the  first 
operation  of  gastroenterostomy,  on  September  27th,  3881. 
The  patient  suffered  from  a  malignant  obstruction  of  the 
pylorus,  and  it  was  Wrdder's  intention  to  perform  resection. 
This  was  found  impossible,  and  the  abdomen  was  about  to 
be  closed  when  Nicoladoui,  who  was  assisting,  suggested 
that  the  jejunum  should  be  united  to  the  stomach  and  an 
opening  between  the  two  viscera  made  to  relieve  the 
pyloric  obstruction  caused  by  the  growth.  The  original 
operation  was  of  the  "anterior"  type.  Union  of  the 
jejunum  into  the  posterior  surfaces  of  the  stomach  was 
first  suggested  by  Gourvoisier  of  Basle,  and  von  Hacker  of 
Innsbruck. 

The  great  surgical  accomplishments  in  the  last  quarter 
of  a  century  have  been  concerned  with  the  simple  diseases 
of  the  stomach,  with  chronic  ulcer  and  its  complications. 
The  first  gastro-euterostomy  for  chronic  obstructive  ulcer 
was  performed  in  1892  by  Doyen  of  Paris.  It  is  to  the 
advocacy  and  to  the  marvellous  technical  skill  of  this 
surgeon  that  we  must  attribute  the  general  recognition  of 
the  value  of  surgical  measures  in  cases  of  chronic  gastric 
disease  and  the  recognition  of  gastro-euterostomy  as  a 
"  drainage  operation."  The  surgery  of  perforating  ulcer 
of  the  stomach  began  with  Mikulicz,  whose  first  suggestion 
dates  from  1880.  Between  the  years  1885  and  1893 
Mikulicz  operated  upon  thirty-five  cases  with  thirty-four 
deaths.  This  is  to  be  considered,  taking  into  account  the 
early  period  of  this  work,  as  the  saving  of  one  life,  rather 
than  the  loss  of  many. 

The  literature  emitted  by  Germany  upon  the  subject  of 
gastric  diseases  is  vast  in  quantity,  prolix  and  turgid  in 
style,  lacking  insight  and  interest,  and  almost  utterly- 
devoid  of  inspiration  or  original  thought.  It  is,  however,  ' 
a  complete  record  of  the  progress  made  and  of  the  know- 
ledge gained  by  all  the  workers  in  every  corner  of  the  field. 
The  Germans  are  seen  in  their  most  characteristic  phase 
as  gleaners  and  harvesters.  The  seed  has  been  sown  by 
others;  it  is  they  who  have  guarded  the  crop,  garnered  it, 
gleaned  every  sti'aw  of  it,  and  stored  it  in  vast  and  ugly 
chambers.  Gastric  ulcer  is  a  comparatively  rare  disease, 
of  few  but  clear-cut  symjitoms.  Around  this  simple  matter 
the  Geruiau  clinicians  have  weaved  a  web  of  rhetoric 
which  has  encumbered  it  and  swathed  it  beyond  recogni- 
tion. And  they  have  borrowed  freely  from  a  riotous  but 
rank  imagination  bereft  of  facts,  and  have  insulted  the 
intelligence  of  those  who  could  not  agree  with  them.  The 
literature  of  Germany  ou  such  a  subject  as  gastric  ulcer 
reminds  me  irresistibly  of  Hans  Andersen's  delightful 
story  of  the  "  Emperor's  New  Clothes."  Around  this 
simple  disease  their  physicians  weaved,  with  unceasing 
industry,  garments  of  a  material  every  thread  of  which 
they  tieclared  to  be  of  the  rarest  and  finest  quality,  tliey 
told  all  the  world  of  the  beauty  and  superb  texture  of  these 
royal  robes ;  so  confident  and  magisterial  were  their  loud 
assertions  and  so  complete  the  trickery  by  which  they 
imposed  upon  all  spectators,  saying  that  only  those  of 
virtue  could  see  the  wonderful  garments,  that,  as  in  the 
story,  the  crowd  was  humbly  acquiescent.  But  at  last  the 
little  child,  the  surgeon,  came  along  and  cried  :  "  But  he  has 
got  nothing  on."  And  the  whole  artificial  fabric  was  torn 
away,  and  the  imperial  ulcer  was  seen  for  wdiat  it  was  in 
all  its  naked  ugliness. 

Sdrgeky  of  the  Br.\in  and  Cokd. 

The  development  and  progress  of  cerebral  surgery  in  the 
last  century  would  certainly  be  considered  by  the  older 
physicians,  could  they  learn  of  it,   as   the  most   incredible 


achievement  of  all.  To  them  the  skull  and  its  contents 
were  sacred  and  inviolable.  Aristotle  had  spolcen  dis- 
paragingly of  the  brain,  saying  it  was  a  mere  cooling 
apparatus,  and  trephining  operations  had  been  not  un- 
common even  in  prehistoric  times.  But  by  the  mediaeval 
physicians  the  brain  was  looked  upon  as  the  seat  of  the 
soul,  and  no  profane  hand  might  be  laid  upon  it.  When, 
however,  the  Keuaissance  came,  with  its  astonishing 
development  of  physical  science  as  well  as  of  art,  the  work 
of  Mondiuus  and  Vesalius  opened  the  path  for  all  later 
explorers.  What  Harvey  achieved  for  physiology  was 
almost  equalled  by  the  work  of  Thomas  Willis  on  the 
nervous  system.  As  Victor  Horsley  said,  these  researches 
"  exhibit  an  extraordinary  grasp  of  the  function  (and  its 
corresponding  relation  to  structure)  of  the  nervous  system 
generally."  Willis's  work  ought  to  have  abolished  for  ever 
the  old  mystical  beliefs  as  to  the  function  of  the  brain. 
He  was  the  first  to  allocate  definite  functions  to  distinct 
parts  of  the  nervous  system  and  to  assert  that  the  excita- 
tion of  the  cerebral  cortex  passed  into  the  substance  of  the 
brain  and  thence  into  the  spinal  cord  and  nerves.  The 
work  of  Thomas  Willis  was,  unhappily,  ignored  completely, 
though  as  we  look  back  upon  it  we  are  inclined  to  agree 
with  Horsley,  who  wrote  "that  it  was  due  to  Willis  that 
probably  the  greatest  advance  gained  in  psychology  ever 
since  it  became  a  science,  the  localization  of  function  to 
distinct  parts  of  the  nervous  system,"  was  made.  The 
first  of  those  who  sought  by  the  method  of  experimental 
research  to  discover  the  secret  of  the  functions  of  the  braiu 
was  Flourens  in  1826.  His  investigations  dealt  both  with 
the  cerebrum  and  the  cerebellum,  and  were  of  high 
value,  not  only  as  examples  of  a  new  method,  but  also 
because  of  the  positive,  though  limited,  conclusions  upon 
many  matters,  which  as  a  result  of  his  work  he 
was  entitled  to  draw.  But  even  he,  writing  more 
than  a  century  and  a  half  after  Willis,  asserted  that 
the  brain  worked  as  a  whole,  and  that  separate  specific 
functions  could  not  be  allotted  to  its  several  constituent 
parts.  Indeed,  the  universally  accepted  opinion  up  to  the 
year  1861  was  that  the  braiu  acted  as  other  organs  acted. 
its  function  being  carried  out  by  an  equal  working  of  all 
its  parts.  In  this  year  Broca,  as  the  result  of  his  inquiries 
into  the  pathological  anatomy  of  certain  cases  of  aphasia, 
came  to  the  conclusion  that  the  faculty  of  articulate  speech 
depended  upon  the  integrity  of  a  definite  and  limited  area 
of  the  cerebral  cortex.  Broca's  discovery  was  revolu- 
tionary ;  it  involved  a  complete  reversal  of  former  opinions 
and  judgements,  and  it  opened  up  afresh  the  whole  ques- 
tion of  the  function  of  the  cortex  of  the  brain.  Hughlings 
Jackson  in  1869  was  the  first  to  assert  that  the  convolu- 
tions of  the  brain  could  be  divided  up  into  separate  areas, 
each  having  its  own  restricted  and  unchangeable  function. 
He  based  his  opinion  upon  observations  made  to  correlate 
the  clinical  symptoms  manifested  during  the  life  of  the 
patient  with  the  organic  lesions  of  the  brain  discovered 
after  death.  In  1870  Fritsch  and  Hitzig  demonstrated  by 
animal  experiments  that  by  the  electrical  stimulation  of 
certain  areas  uuon  the  corte.x  co-ordinated  movements,  ii> 
distinct  groups  of  muscles,  on  the  opposite  side  of  the  body, 
could  be  produced.  These  observations  were  important, 
but  the  work  of  supreme  significance  in  cerebral  localiza- 
tion was  done  by  Ferrier,  aud  published  in  1873.  Ferrier's 
researches  were  undertaken  to  test  experimentally  the 
conclusions  reached  upon  clinical  and  pathological  grounds 
by  Hughlings  Jackson.  The  result  is  known  to  all  the 
world.  Ferrier's  ipvestigatious  established  firmly  and 
finally  the  knowledge  that  there  are  points  in  the 
cortical  matter  of  the  brain  definitely  related  to  the 
motor  and  sensory  functions  of  certain  parts  of  the 
body.  The  way  now  was  cleared  for  the  surgeons, 
for  Lister  had  afforded  them  safety,  and  Hugh- 
lings Jackson  and  Ferrier  gave  them  guidance.  The 
pioneer  work  in  this  direction  was  exclusively  of 
British  origin.  One  of  the  most  dramatic  occurrences  in 
the  whole  history  of  surgery  must  surely  have  been  the 
reading  on  August  9th,  1888,  of  a  paper  ou  the  "  Surgery 
of  the  brain  and  spinal  cord  "  by  W.  Macewen  of  Glasgow. 
Cerebral  surgery  seemed  to  spring  Minerva-like  into  the 
world,  complete  at  every  point.  Macewen  told  of  his  first 
case  in  July,  1876 ;  it  occurred  in  a  boy  who  developed  an 
abscess  in  the  immediate  vicinity  of  Broca's  lobe,  as  the 
result  of  an  injury  to  the  skull.  Consent  was  not  given 
to  the  operation  urged  by  Macewen,  notwithstanding  the 
assumption    by    himself     of    the    sole    responsibility    of 
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advising  aud  pci'foi-iuiiii^  tlio  opei'ation  ;  and  the  boy  died. 
Macewen  tells  how  "after  death  tlio  fi-ieuds  aci|iiicsccd  in 
the  proposal  to  have  the  ()|i(!ratiou  porfoniied  just  ns  it 
would  have  been  had  pei-uiission  to  do  so  been  gi-antod 
during  life.  The  skull  was  trephined,  the  brain  exposed, 
and  an  iustrnnient  was  introduced  through  the  third 
frontal  convolution  for  half  an  inch,  when  pus  flowed 
through  the  incusiou,  proving  the  accuracy  of  the  diagnosis 
and  giving  poignancy  to  the  regret  that  the  operation  had 
not  been  permitted  during  life.  The  abscess,  about  the 
size  of  a  pigeon's  egg,  was  situated  in  the  white  matter  of 
the  bases  of  the  second  and  third  frontal  convolutions." 
In  this  case  the  precise  spot  in  the  brain  which  the  abscess 
occupied  was  accurately  determined  from  the  localizing 
phenomena  induced  by  the  focal  lesion. 

Macewen's  first  successful  cases— one  of  abscess  and  one 
of  tumour  of  the  frontal  lobe -occurred  in  1879.  In  the 
paper  to  which  I  have  referred  there  were  recorded  21 
cerebral  cases  (exclusive  of  fracture  of  the  skull  with 
brain  lesions),  with  18  recoveries  and  3  deaths.  Of  those 
who  died  all  were  in  cTbrmis  when  operated  upon.  At 
the  time  tlie  paper  was  read  16  of  the  18  were  still  alive; 
one  had  died  eight  years  after  operation,  and  one  forty- 
seven  days  after  operation  of  tuberculous  enteritis. 

The  record  of  the  work  achieved  by  this  surgeon,  working 
alone  upon  new  problems  and  in  a  new  field  long  before 
other  minds  had  begun  to  stir,  is  one  of  the  greatest 
triumphs  in  the  history  of  scientific  surgery.  In  the  year 
1884  Bennett  and  Godlee  reported  a  case  of  cerebral 
tumour  treated  by  operation,  and  in  1886  Victor  Horsley 
reported  three  cases  of  cerebral  surgery  to  the  British 
Medical  Association. 

Great  Britain  may  therefore  make  an  undeniable  claim 
to  priority  in  respect  both  of  the  scientific  work  which 
made  operation  upon  the  brain  possible  and  purposeful 
and  of  the  procedures  by  which  such  operations  were 
carried  out  with  safety  and  accuracy.  Germany  here 
also  has  been  a  follower,  not  a  founder.  Her  entrance 
into  this  field  was  of  later  date  than  that  of  the  British, 
French,  and  Italian  physicians  and  surgeons,  but  her 
work  in  it  has  been  arduous  aud  helpful. 

The  development  of  the  surgery  of  the  spinal  cord  was 
also  dependent  upon  early  experimental  research.  Galen, 
as  is  well  known,  had  shown  that  there  must  be  nerves 
of  sensation  and  nerves  of  motion.  Willis  liad  made  ifc 
certain  that  the  nerves  did  convey  sensation  "  and  instincts 
to  movements,"  but,  as  Sir  Victor  Horsloy  says,  "  no 
further  determination  as  to  the  particular  part  of  the 
nervous  system  which  might  be  occupied  in  providing  for 
such  transmission  of  sensations  aud  movements  was  made 
until  1811,  when  Sir  Charles  Bell,  by  liis  numerous  investi- 
gations, was  led  to  believe  that  separate  parts  of  the  brain 
and  spinal  cord  subserved  these  two  functions."  Sir 
Charles  Bell  knew,  of  course,  that  the  spinal  nerve  had 
two  roots,  anterior  aud  posterior ;  he  found  by  experi- 
ments that  it  was  irritation  of  the  anterior  roots  only  that 
gave  rise  to  the  movements  of  the  muscles.  He  says : 
"  I  now  saw  the  meaning  of  the  double  connexion  of  the 
nerves  with  the  spinal  marrow."  Bell's  work  was  the  first 
to  prove  that  there  was  undoubtedly  a  principle  of  localiza- 
tion of  function  in  the  nervous  system.  When  it  had  once 
been  shown  that  this  localization  of  function  existed  in  the 
conducting  nerve  cliannels  it  was  not  difficult  to  see  tliat 
the  same  difference  must  exist  in  those  central  parts 
to  which,  and  from  which,  the  nerves  must  pass.  The 
surgery  of  the  si^inal  canal  was  inaugurated  by  Sir  Victor 
Horsley,  who  in  1887  was  the  first  to  open  the  spinal  dura 
mater  aud  to  remove  a  tumour  of  the  cord.  In  December, 
1888,  Bennett  first  divided  the  posterior  nerve  roots  in  a 
case  of  inveterate  sciatica.  In  1889  J.  L.  Faure  performed 
the  same  operation  for  the  relief  of  agonizing  pain  in  a 
case  of  cancer  of    the   uterus.      Foerster's   operation,    the 


division  of  the  posterior  spinal  nerve  roots  for  the  treat- 
ment of  gastric  crises  and  spastic  i)aralysis,  based  largely 
upon  the  work  of   Slun-ringtou  and  Head,  dates  from  1908. 


Conclusion. 

What,  then,  has  been  Germany's  part  in  all  the  astound- 
ing progress  of  modern  surgery  ?  It  has  been  the  same  in 
surgery  as  in  every  other  science.  Almost  all  fundamental 
discoveries  in  science,  Uugald  Clerk  tells  us,  have  originated 
in  England,  France,  and  Italy.  In  capacity  for  original 
thought  the  German  mind  is  lacking.  The  brilliant  and 
happy  inspiration,  the  penetrating  insight,  the  new  vision 
are  things  for  which  we  seek  almost  in  vain  in  all  German 
scientific  literature.  The  fertile  new  thought  giving  a 
fructifying  impulse  to  the  work  of  other.*  is  rarely  indeed 
of  German  origin.  The  German  mind  is  of  quite  a  different 
order.  It  is  avaricious,  industrious,  methodical;  it  collects, 
if  it  does  not  accurately  appraise,  the  work  of  others.  It 
tabulates  and  registers  and  explains ;  it  furnishes  an 
intricate  analysis,  and  illustrates  by  copious  reference  any 
subject  with  which  it  may  deal.  The  new  idea,  originating 
almost  always  elsewhere,  is  given  eager  hospitality,  is  dis- 
sected and  discussed  at  inordinate  lengtli ;  it  may  be  put 
into  practice  with  various  alterations  of  technical  procedure, 
and  before  long  be  claimed  as  a  home  product.  For  this 
act  of  intellectual  dishonesty  many  of  the  German  writers 
were  not  to  blame;  for  a  study  of  the  literature  of  almost 
any  subject  in  medicine  chosen  at  random  will  show  the 
amazing  infrequency  of  any  reference  to  the  English  or 
American  literature,  and  very  few  indeed  to  the  French. 
Thus  in  Riegel's  work,  the  article  on  ulcer  of  the  stomach 
lias  four  and  a  half  pages  of  references,  seven  references 
are  to  English  writers,  five  are  to  papers  by  Riegel  liimself. 
The  name  of  Brinton  is  not  even  mentioned  in  this  list, 
and  yet  it  is  probable  that  in  his  small  book  there  is  more 
of  the  truth  of  the  matter  of  gastric  diseases  than  in  all 
the  interminable  treatises  published  by  all  the  German 
physicians  since  his  death.  This  almost  exclusive 
reference  by  German  writers  to  the  works  of  their 
own  countrymen  was  greatly  helped  by  their  publishers. 
In  the  last  few  years  I  "have  heard  more  than  once  from 
friends  of  my  own  in  the  medical  profession  in  Italy,  in 
Spain,  and  in  Norway,  that  it  was  impossible  to  obtain 
from  an  English  or  American  publisher  a  copy  of  any 
medical  work  on  approval.  A  surgeon,  desirous  of  seeing 
a  new  work  in  any  special  department  of  surgery,  could 
only  do  so  by  purchasing  the  book  outright  and  taking  his 
chance  as  to  the  contents  being  to  his  lildng.  Any  German 
publisher  would  send  him  all  the  books  or  journals  he 
desired  to  see  on  approval.  The  copies  of  new  German 
works  on  medicine  were  always  sent  to  the  editors  of 
foreign  journals  for  review.  A  new  medical  work  in 
English  was  rarely,  if  ever,  sent  to  Scandinavian  countries, 
to  Spain  or  to  Italy,  and  to  France  or  to  Germany  only  in 
the  case  of  a  work  of  outstanding  importance.  To  put 
this  matter  quite  briefly,  reference  could  always  and 
quite  easily  be  made  by  foreign  physicians  or  surgeons 
to  works  published  in  Germany.  It  was  diflicult  to  hear 
of  English  works,  and  almost  impossible  to  obtain  them 
except  by  a  speculative  purchase.  To  the  claims  which 
Germany  makes  for  intellectual  supremacy  we  may  there- 
fore, speaking  of  scientific  surgery,  retort  by  a  firm  and 
flat  denial.  Not  one  single  discovery  of  the  first  im- 
portance in  the  science  or  in  the  art  of  surgery  can  be 
placed  to  the  credit  of  Germany.  Nor,  if  we  omit  the 
Semitic  element  in  the  Germany  of  to-day,  should  we 
expect  this  to  be  the  case.  For  the  German  mind  is 
deductive;  it  is  patient,  laborious,  massive ;  but  it  is  not 
original.  The  German  is  not  an  innovator,  but  a  reno- 
vator; not  an  explorer,  but  an  exploiter;  not  a  creator, 
but  a  collector. 
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In  forming  any  estimate  of  the  work  carried  out  by 
Britisli  pathologists  during  tlie  past  two  years  it  is 
necessary  to  bear  in  mind  the  position  of  medical  research 
in  this  country  when  the  war  broke  out.  The  muiierous 
and  important  medical  and  pathological  discoveries  which 
have  bad  their  birth  in  England  have  ibietiy  been  the 
work  of  individual  men,  and  have  owed  little  to  co- 
ordinated research,  though  admirable  work  was  done  in 
the  laboratories  of  the  ditt'ereut  universities,  of  tlje  Koyal 
College  of  Physicians  in  Edinburgh,  and  in  many  other 
places.  Up  to  the  year  1913  the  State  did  hardly  any- 
thing to  advance  knowledge  in  medical  science ;  a  small 
sum  doled  out  yearly  by  the  Local  Government  Board 
and  some  assistance  given  by  the  Colonial  Oflice  to 
the  Schools  of  Tropical  Medicine  represented  almost  all 
that  was  done,  though  it  would  be  uujust  to  ignore  the 
valuable  research  work  carried  out  by  the  pathological 
staff  of  the  Koyal  Army  Medical  Corps.  Apart  from  the 
State,  such  endowed  institutions  as  the  Lister  Institute 
and  the  Imperial  Cancer  Research  Fund  proved  that  as  a 
race  we  were  capable  of  sustained  and  not  unfruitful  effort 
on  the  lines  of  co  ordinated  research  where  the  oppor- 
tunities for  tliis  existed.  Nevertheless,  individualism 
was  the  rule,  and  each  pathologist  tended  to  devote  his 
energies  to  the  research  which  happened  to  appeal  to  him 
whenever  he  had  the  necessary  time  and  freedom  from 
financial  cares.  Even  under  these  conditions  the  output 
of  good  research  work  in  medical  science  was  by  no 
means  discreditable,  and  Englishmen  have  good  reason 
for  pride  in  the  share  which  this  country  has  taken 
in  the  advance  of  our  knowledge  of  disease  and  of  its 
treatment. 

The  lusurance  Act,  however,  promised  a  revolution  in 
research.  For  the  first  time  tlie  State  set  aside  a  con- 
siderable annual  sum,  between  fifty  and  sixty  thousand 
pounds  a  year,  for  the  express  purpose  of  advancing 
medical  knowledge,  and  the  Act  organized  machinery  for 
its  intelligent  expenditure.  The  guiding  hand  was  exer- 
cised by  a  body  of  nine  persons,  the  Medical  Research 
Committee,  established  in  1913,  and  carefully  chosen  from 
amongst  those  known  to  have  the  power  of  organizing 
research  or  distinguished  in  its  prosecution.  Much  time 
and  thought  were  expended  by  this  committee  in  elabo- 
rating their  schemes  of  action,  but  scarcely  had  the 
machinery  begun  to  move  when  the  war  broke  out  and 
interrupted  most  of  their  projects. 

A  gigantic  war,  carried  out  under  conditions  largely 
new,  necessarily  presents  a  continuous  series  of  new 
medical,  surgical,  and  pathological  problems  requiring 
immediate  solution.  It  was  a  fortunate  thing  for  the 
country  that  the  Army  Medical  Service  was  well  organized 
and  efScient.  Many  of  the  problems  which  would  con- 
front us  had  been  foreseen  and  their  solution  thought  out. 
In  particular  the  pathological  branch  of  the  service 
was  well  developed  and  excellently  ofScered  by  a  staff 
trained  in  the  well-equipped  laboratories  of  the  Royal 
Army  Medical  College.  At  the  onset  of  the  war,  how- 
ever, the  Army  Medical  Service  found  itself  more  than 
fully  occupied  with  the  necessary  administrative  duties 
which  it  was  called  upon  to  fulfil,  so  that  it  was 
impossible  for  its  staff  to  deal  at  once  with  all  the 
new  questions  which  arose.  It  was  now  that  the 
Medical  Research  Comuiittee  proved  its  value.  It  was 
already  a  "  going  concern,"  and  was  in  a  position  to  divert 
the  energies  which  were  to  have  been  expended  on  research 
into  the  medical  problems  of  a  country  at  peace  to  the 
solution  of  these  which  arose  in  consequence  of  war.  Tlie 
committee  therefore  placed  itself  at  the  disposal  of  the 
aatiou,  and  especially  at  the  service  of  the  military 
authorities;  its  fiexible  organization  enabled  it  to  attack 
new  problems  at  short  notice  and  with  maximum  effect, 
and  the  value  of  the  results  which  have  been  attained 
under  its  auspicas  has  been  in  many  cases  immediate  and 


remarlvable,  as  will  appear  in  the  following  pages.  It  will  be 
convenient  to  group  the  chief  pathological  problems  which 
have  been  met  during  the  war  and  discuss  them  seriatim. 


The  Control  of  Enteric  Fever. 

Enteric  fever,  the  great  medical  scourge  of  all  former 
wars,  has  been  reduced  in  this,  the  greatest  of  all  wars,  to- 
insignificant  proportions.  Two  factors  have  contributed 
to  this :  one  was  a  knowledge  of  the  "  carrier  "  danger,, 
which  was  met  from  the  outset  by  tlie  bacteriological 
examination  of  all  suspected  persons  and  their  prompt 
segregation;  the  other  and  more  important  factor  was- 
prophylactic  inoculation.  The  practice  of  inoculation 
against  typhoid  fever,  which  we  owe  to  Sir  Almroth 
Wright,  had  been  tried  on  a  small  and  inadequate  scale  iu 
the  South  African  war,  with  not  wholly  convincing  results. 
It  bad  since  proved  its  worth  in  our  Indian  army,  and  the 
most  effective  methods  for  securing  protection  had  been 
worlied  out  in  detail  by  the  pathologists  of  the  R.A.M.C^ 
under  Colonel  Sir  W.  B.  Leishman.  The  methods  devised 
were  put  into  practice  from  the  beginning  of  the  war,  and 
iu  the  course  of  a  few  months  practically  the  whole  army 
was  inoculated.  Small  local  outbreaks  of  enteric  were 
promptly  suppressed,  and  the  total  number  of  cases  was 
extremely  small  in  comparison  with  what  might  have 
been  anticipated.  The  inoculation,  however,  was  carried 
out  with  vaccines  of  B.  typhosus  alone,  and  the  protection 
afforded  against  infection  with  B.  paraliiphosiis  (A  and  B) 
was  not  of  high  degree.  During  the  first  year  of  the  war- 
actually  more  paratyphoid  than  typlioid  was  observed 
amongst  our  troops.  As  the  result  of  tliis  experience  the 
War  Office  appointed  a  small  committee  of  pathologists  to 
consider  the  advisability  of  including  paratyp)hoid  bacilli 
in  the  prophylactic  inoculation.  The  question  of  dosage 
was  carefully  considered,  and  groups  of  men  were  experi- 
mentally inoculated  with  the  mixed  vaccine  to  make  sure 
that  the  constitutional  reaction  was  not  too  severe.  The- 
tests  were  satisfactory,  and  from  the  beginning  of  1916  tlie 
new  triple  vaccine,  known  as  T.A.B.,  has  been  the  sole 
official  vaccine  for  the  Britisli  arm}',  and  has  proved  itself 
efficient  in  controlling  paratyphoid  as  well  as  typhoid 
fever. 

The  pathological  diagnosis  of  enteric  fever  has  been 
complicated  by  the  fact  that  practically  all  soldiers  were 
inoculated  men,  so  that  the  old  methods  of  serum  dia- 
gnosis became  untrustworthy.  At  an  early  period  of  the 
war  Professor  Dreyer  of  Oxford  drew  attention  to  the 
method  of  carrying  out  agglutination  reactions  macro- 
scopically  with  standardized  killed  cultures,  which  he  had 
elaborated  in  Copenhagen  some  years  previously.  The 
advocacy  of  this  method  by  Professor  Dreyer  and  his- 
colleague.  Dr.  Ainley  Walker,  led  to  its  widespread  use, 
aud  its  accuracy  proved  such  that  a  diagnosis  could  be 
made  even  in  triply- inoculated  men,  provided  that  two  or 
three  observations  were  made  at  intervals  of  a  few  days,  so 
as  to  follow  the  agglutination  titres  of  the  blood  against 
the  three  bacilli  respectively.  The  Medical  Research  Com- 
mittee took  the  matter  up  and  established  at  Oxford  a 
laboratory  from  whicli  standardized  emulsions  together 
with  the  requisite  outfit  for  carrying  out  the  test  have 
been  supplied  free  to  all  military  pathologists,  Dreyer's- 
technique  being  now  used  almost  universally.  Much 
valuable  information  about  the  course  and  diagnosis  of 
the  different  forms  of  enteric  fever  has  resulted  from  the- 
widespread  use  of  tliis  standard  method,  which  has  the 
advantage  that  the  observations  of  different  workers  are- 
strictly  comparable. 

That  the  freedom  from  enteric  which  has  been  enjoyed 
by  our  armies  on  the  Western  front  is  due  to  the  care- 
taken  in  ensuring  inoculation,  and  to  tlie  sanitary  pre- 
cautions which  have  been  enforced,  is  shown  by  the  con- 
dition  of    affairs   wliere    this    caro   was   impossible    and 
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inoculation  im-oiuiiletc,  notably  in  tlu;  (lallipoli  expeilition. 
Here,  altlioii^li  tlici-e  was  little  typlioid,  the  amount  oE 
pai'atjplioid  was  by  no  means  inconsidcrablo,  but  exact 
fii^ui'es  are  \vantin<4  owiui.^  to  the  lack  of  facilities  for 
diagnosis. 

Di/sfiiteri/. 

OE  tills  second  great  medical  sconrge  oE  war  a  less 
favourable  tale  can  be  told,  inasmuch  as  no  specific  preven- 
tive measures  have  yet  been  devised.  It  has  not  been  found 
practicable  to  employ  prophylactic  inoculation  against 
bacillary  dysentery,  chiefiy  on  account  ot  the  high  toxicity 
of  Shiga's  bacillus,  though  research  work  on  this  subject  is 
in  progress,  and  mention  may  be  made  o£  the  method  of 
reolucing  this  toxicity  by  the  action  of  hypochlorites,  as 
suggested  by  ProEessor  Dean  oE  Manchester.  Prevention 
has  therefore  been  reduced  to  hygienic  precautions  and  to 
the  search  for  carriers,  and  on  the  Western  front  these 
measures  have  hitherto  sufiiced  to  prevent  any  serious  out- 
break of  dysentery,  in  spite  of  the  return  to  France  of 
large  bodies  oE  troops  from  the  Mediterranean  area.  In 
the  Eastern  Mediterranean,  and  in  Mesopotamia,  dysentery 
has  prevailed  largely,  both  amoebic  and  bacillary,  and  has 
offered  an  opportunity  for  careful  study,  particularly  in 
the  cases  returning  home  to  this  country,  in  the  autumn 
of  1915  an  immense  number  of  cases  of  the  disease 
returned  home  from  the  Mediterranean  area,  and,  in  order 
to  avoid  any  ri.sk  of  spread,  were  concentrated  by  the  War 
Office  in  certain  centres  scattered  over  England.  The 
Medical  Research  Committee  provided  laboratory  assistance 
at  these  centres  and  were  able  to  organize  courses  of 
instruction  in  protozoology  for  the  numerous  workers  who 
were  comparatively  unversed  in  that  subject.  In  the 
London  district  over  a  thousand  cases  were  studied  in  full 
detail,  and  the  facts  which  have  been  collected  will  afford 
a  mine  of  valuable  information  on  dysentery  and  allied 
diseases.  Some  of  the  work  has  already  been  published 
b}-  the  Medical  Kesearch  Committee,  namely,  Dobell's 
report  on  amoebic  dysentery,  and  that  by  the  workers  at 
the  London  Hospital  on  the  investigation  of  878  cases  of 
bacillary  enteritis  from  the  Eastern  Mediterranean.  No 
sugIi  opportunity  has  ever  occurred  for  the  study  of  the 
tropical  forms  of  dysentery  in  England,  and  many  new 
Eacts  have  been  brought  to  light. 

The  value  of  emetine  in  the  treatment  of  amoebic 
dysentery  has  been  abundantly  confirmed,  and  Dr.  Dale 
has  introduced  the  double  iodide  of  bismuth  and  emetine 
for  the  treatment  of  amoebic  carriers,  upon  whom  it  has 
been  used  with  successful  results.  Dr.  Dale  has  also 
shown  that  the  persistent  administration  oE  emetine  may 
lead  to  symptoms  not  unlike  those  of  the  dysentery  it  is 
designed  to  cure. 

Cerehro-spinal  Fever. 

Although  this  Eever  has  been  present  amongst  the 
British  forces  on  the  Western  Eront,  anxiety  has  chieiJy 
been  Eelt  about  the  troops  in  training  in  England. 
For  the  first  time  the  disease  has  prevailed  epidemically 
over  the  whole  oE  this  country,  affecting  equally  the  civil 
and  military  populations.  Strenuous  efforts  have  been 
made  by  the  War  Office  to  control  its  spread,  and  invaluable 
assistance  has  been  Euruished  by  the  Medical  Kesearch 
Committee  in  the  provision  and  equipment  of  bacterio- 
logical laboratories  for  the  purpose.  Lieu,t.- Colonel  M.  H. 
Gordon  was  placed  in  control  of  the  scientific  work,  and 
he  organized  laboratories  for  the  diagnosis  and  study  of 
cerebro-spinal  fever  at  numerous  centres  throughout  the 
country,  while  he  himself  and  his  innnediate  staff  carried 
out  research  work  at  the  Central  Laboratory  at  Millbank. 
The  outcome  of  Lieutenant-Colonel  Goi'don's  researches 
promises  a  distinct  advance  in  our  methods  of  combating 
the  spread  ot  tlie  disease.  New,  cheap,  and  easily  pre- 
pared media  for  the  growth  of  the  meningococcus  have 
been  devised.  A  serological  study  of  the  races  of  this 
organism  concerned  in  the  epidemic  has  been  carried  out, 
with  the  result  that  the  chief  epidemic  strains  have  been 
determined  and  a  simple  means  for  their  diagnosis  by 
agglutination  placed  within  the  reach  of  all  pathologists. 
The  importance  of  these  observations  is  tv.'ofold.  The 
value  of  a  curative  serum  in  cerebro-spinal  fever  depends 
upon  whether  the  particular  epidemic  strain  concerned  in 
a  given  case  of  the  disease  has  been  employed  in  producing 
the  .serum.  The  serum  available  at  the  beginning  of  the 
epidemic,  largely  j\mericau  In  origin,  was  found  of   little 


value  in  treatment,  but  that  prepared  during  .1915  from  a 
due  admixture  of  current  epidemic  strains  proved  ot  con- 
siderable curative  potency.  In  the  second  place,  the 
prol)lem  of  the  segregation  of  carriers  of  the  meningococcus 
is  siiaplilied.  So  numerous  may  such  carriers  be  at 
certain  times  that  their  isolation  is  almost  impracticable 
Gordon  therefore  proposed  the  isolation  of  those  carriers 
only  who  bore  epidemic  strains  of  the  meningococcus. 
Although  certain  risks  may  be  run  by  such  limitation,  it  has 
the  merit  of  reducing  the  numbers  to  be  isolated  within 
practicable  limits,  and  it  has  been  found  possible  to  carry 
out  this  policy,  at  least  in  a  military  population,  with 
satisfactory  results  as  regards  the  spread  of  the  disease, 
for  the  more  dangerous  carriers  liave  been  eliminated. 
Another  useful  research  carried  out  by  Lieutenant-Colonel 
Gordon  has  been  in  relation  to  the  cure  of  chronic  carriers: 
by  causing  them  to  breathe  for  a  short  time  every  day 
the  air  of  a  room  saturated  with  a  fine  spray  containing 
chloramine-T  he  found  it  possible  to  cure  the  majority, 
though  not  all,  of  such  carriers  within  a  fortnight;  a 
special  spraying  ajiparatus  has  been  devised  for  this 
purpose.  It  may  be  added  that  valuable  work  on  the  races 
of  the  nieriiugococcns  has  been  carried  out  in  military 
laboratories  in  France  by  Arkwright  and  by  Ellis;  and, 
further,  that  a  very  thorough  ttudy  of  the  same  subject 
amongst  the  civil  population  has  been  going  on  for  two 
years  in  the  laboratories  of  the  Local  Government  Board 
by  Drs.  Eastwood,  F.  Griffith,  and  Scott. 

Other  Medical  Diseases  Incident  on  Trench.  Warfare. 

The  conditions  under  which  tlie  troops  have  fought  for 
the  past  two  years  have  been  associated  with  the  appear- 
ance of  epidemic  diseases  some  of  which  have  been  known 
before  while  others  have  previously  escaped  recognition. 
The  chief  work  on  diseases  of  this  character  has  necessarily 
been  carried  on  at  the  front,  where  they  arc  encountered 
in  the  acute  stage  :  their  clinical  features  have  been  defined 
by  the  work  of  the  physiciaus  and  their  etiology  studied 
by  pathologists  at  tlie  base  hospitals.  Lack  of  space 
pre,vents  our  doing  much  more  than  to  allude  to  them 
here,  and  indeed  so  much  remains  to  be  found  out  con- 
cerning most  of  them  that  few  positive  assertions  can  be 
made. 

Trench  nephritis  has  been  exceedingly  prevalent,  and 
its  course  and  symptomatology  are  now  familiar,  but  we 
have  failed  to  discover  the  exciting  cause  in  spite  of  a 
large  amount  of  work  both  in  France  and  in  England. 
The  balance  of  evidence  is  in  favour  of  the  view  that  it  is 
an  infective  malady,  but  no  definite  microbe  is  demon- 
strable, and  efforts  to  transmit  the  disease  to  animals  have 
so  far  proved  unsuccessful.  A  very  complete  clinical  study 
of  this  form  of  nephritis  has  been  made  by  Captain 
Langdon  Brown  at  St.  Bartholomew's  Hospital,  so  far  as 
concerns  the  stages  at  which  cases  reach  England,  while 
the  chemical  pathology  of  the  urine  has  been  elaborately 
investigated  by  Captain  Mackenzie  Wallis.  Two  meetings 
have  been  held  for  the  discussion  of  the  disease,  one  at  the 
Royal  Society  of  Medicine  and  one  at  the  Medical  Society 
of  London.  .-\t  the  last  of  these  meetings  Lieutenant 
Dunn  showed  a  valuable  series  of  histological  preparations 
which  he  had  made  from  recent  cases  in  France. 

Trench  fever  is  a  novel  disease  which  received  this  name 
towards  the  end  of  1915,  when  Captain  Hunt  and  Major 
A.  C.  Rankin  published  an  account  of  thirty  cases.  It 
appears  to  be  distinct  from  any  fever  hitherto  recognized, 
and,  according  to  Captain  McXeeand  Lieutenant  Renshaw, 
who  published  a  careful  account  of  it  in  April.  1916.  it 
assumes  two  forms,  the  second  being  the  relapsing  variety. 
The  two  latter  observers  were  able  to  reproduce  the  disease 
in  man  by  injecting  the  blood  from  active  cases  into 
volunteers  for  the  experiment,  and  they  EurtlVer  showed 
that  the  inEecting  property  resided  in  the  corpuscles  and 
not  in  the  serum.  Nevertheless,  they  were  unable  to 
demonstrate  any  visible  parasite  in  the  blood,  and  the 
natural  mode  in  which  the  disease  is  conveyed  is  still  a 
matter  of  conjecture.  Captains  Davies  and  Weldon  have, 
however,  in  one  case  reproduced  the  disease  in  man 
through  the  intermediation  of  the  louse. 

Infective  jaundire,  often  known  as  "  Weil's  disease,"  has 
been  oE  not  infrequent  occurrence  in  France,  as  well  as  in 
the  Mediterranean  area,  and  the  inEecting  agent — Spiro- 
chaela  iclcrohctcnicrrhai/iac — has  been  repeatedly  demon- 
strated.    Cholera  a.uil  typhus  fever  have  fortunately  been 
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■couspicuous  by  their  absence  among  tlie  Bi-itisli  forces,  but 
admirable  work  was  clone  in  the  control  of  typhus  by  the 
Britisli  hospital  units  in  Serbia,  chiefly  by  eliminating  lice. 

TJie  Stiulu  and   Treatnicnt  of  Wound  Infections. 

This  subject  has  naturally  occupied  a  forernost  position 
in  the  present  war.  The  majority  of  modern  surgeons, 
trained  in  the  aseptic  school,  found  themselves  confronted 
by  totally  novel  problems  in  the  vast  numbers  of  severe 
wounds,  grossly  contauiinated  by  faecal  bacteria,  including 
the  most  dangerous  anaerobes.  From  the  first,  botli 
surgeons  and  pathologists  set  themselves  to  work  to 
overcome  difficulties  wliich  had  never  before  been  pre- 
sented in  bulk  since  the  rise  of  aseptic  surgery.  And 
almosh  from  the  first  two  schools  of  treatment  arose,  the 
one  condenming  the  use  of  antiseptics  as  a  means  of 
purging  a  wound  of  its  bacteria  and  trusting  in  "physio- 
logical methods"  of  treatment,  the  other  advocating 
germicides  of  one  sort  or  another. 

The  apostle  of  physiological  methods  was  Colonel  Sir 
Almroth  E.  'Wright,  the  chief  of  the  Bacteriological 
Department  of  the  Medical  Kesearch  Committee,  who 
was  liberated  for  service  as  a  consultant  at  the  front.  He 
occupied  a  pathological  laboratory  at  Boulogne,  and 
commenced,  with  the  assistance  of  a  number  of  fellow- 
workers,  mostly  his  own  trained  pupils,  a  laborious  investi- 
gation of  the  conditions  obtaining  in  wounds  from  the 
point  of  view  of  pathological  physiology.  Whatever  view 
may  be  held  as  to  the  best  treatment  for  infected  wounds, 
which,  for  the  surgeon,  is  a  matter  of  practical  experience, 
it  must  be  admitted  on  all  hands  that  tlie  study  carried 
out  by  Colonel  Sir  Almroth  Wright  and  his  colleagues  at 
Boulogne  was  a  brilliant  and  suggestive  piece  of  work. 
Various  new  technical  methods  were  devised  for  this 
study,  the  outcome  of  which  has  been  published  in  detail. 
From  a  surgical  point  of  view  the  methods  of  treatn.ieut  to 
which  it  gave  rise  consisted  essentially  in  the  encourage- 
ment of  a  free  flow  of  lynjpli  into  the  wound,  for  which 
purpose  hypertonic  salt  solutions  were  chiefly  employed. 
Pursued  to  its  most  extreme  degree,  this  method  developed 
into  the  packing  of  septic  wounds  with  tablets  of  solid 
salt,  with  or  without  the  addition  of  sodium  citrate  ;  such 
treatment  was,  of  course,  temporary,  the  amount  of  salt 
used  being  reduced  after  a  few  days.  Excellent  results 
have  been  recorded  by  those  who  "have  employed  this 
mode  of  treatment  in  selected  cases.  Sir  Almroth  Wright 
has  devoted  much  attention  to  the  problem  of  the  con- 
tinuous irrigation  of  wounds  with  saline  solutions,  and 
has  devised  methods  by  which  very  successful  results  have 
been  achieved. 

On  the  other  liand,  a  vast  amount  of  work  on  anti- 
septics in  their  application  to  wound  surgery  has  been 
carried  out  by  pathologists  and  surgeons  both  in  England 
and  at  the  front.  The  crude  attempts  at  sterilizing 
wounds  by  single  applications  of  such  i)owerful  germicides 
as  carbolic  acid  have  been  largely  abandoned,  though  appli- 
cations of  a  mixture  of  equal  parts  of  pure  carbolic  and 
camphor  have  proved  useful  in  cases  where  the  nature  of 
the  wound  permits.  The  most  successful  results,  however, 
have  been  obtained  through  researches  into  the  properties 
of  the  hypochlorites.  Two  separate  sets  of  researches  on 
these  lines  have  been  supported  by  the  Medical  Research 
Committee  and  have  proved  fruitful,  and  largely  identical 
in  their  practical  outcome.  Working  in  Edinburgh,  Pro- 
fessor Lorrain  Smith,  with  the  aid  of  three  colleagues, 
devised  a  combination  of  bleaching  powder  and  calcium 
borate  which  proved  exceedingly  efficacious  in  the  treat- 
ment of  septic  wounds;  they  published  formulae  for  a 
solution  which  they  termecl  '-eusol,"  and  a  powder, 
"eupad,"  which  have  now  been  extensively  used,  and  with 
marked  .success.  Quite  independently.  Dr.  Dakin,  working 
at  Compiegue,  produced  a  very  similar  solution,  ei)ually 
successful  in  its  application.  On  the  surgical  side  he 
became  associated  with  Dr.  Carrel,  and  the  collaboration 
of  these  two  workers,  who  have  introduced  a  special 
technique  for  the  continuous  irrigation  of  wounds  with  the 
hypochlorous  solution,  has  issued  in  a  method  of  wound 
treatment  which  has  led  to  marvellous  results,  under 
whicli,  when  the  bacterial  flora  of  a  wound  has  been 
lowered  to  a  certain  defined  point,  it  is  safe  to  perform 
secondary  closure  and  suture.  This  method  of  treatment, 
which  does  not  conflict  with  that  by  hypertonic  saline,  has 
become    increasingly   popular    amongst   surgeons   at   the 


front,  and,  in  the  judgement  of  many,  is  the  most  efficient 
method  yet  introduced  for  dealing  with  septic  wounds. 

Dr.  Dakiu's  researches  did  not  end  with  the  introduc- 
tion of  the  hypochlorous  solution,  for  he  proceeded  later, 
in  conjunction  with  Professor  Cohen  of  Leeds,  to  study  its 
mode  of  action  in  the  presence  of  proteins.  It  was  found 
that  the  hypochlorous  acid  acted,  not,  as  formerly  sup- 
posed, as  an  o.xidizing  agent,  but  by  the  formation  of 
chloramines.  Amongst  the  chloramines  whose  properties 
were  investigated  were  found  several  of  considerable  dis- 
infectant power,  and  one  of  them — toluene-sodium  sulpho- 
chloramide — has  been  introduced  into  medical  and  surgical 
practice  on  a  coinmercial  scale  under  the  name  of  chlora- 
miue-T.  This  substance,  though  of  fairly  high  germicidal 
value,  is  almost  non-toxic,  and  has  no  action  on  albumin. 
It  has  thus  been  found  of  special  value  in  dealing  with 
wounds  involving  the  mouth,  and  it  has  proved  the  most 
efficient  drug,  when  atomized  by  a  steam  spray,  in  ridding 
chronic  meningococcus  carriers  of  their  infection.  It  is, 
further,  absorbed  in  notable  amount  by  textiles,  and 
chloramine  gauze  has  been  found  to  possess  a  much 
higher  germicidal  value  than  any  other  antiseptic  gauze 
previously  in  use.  Incidentally,  Dr.  Dakin  found  chlora- 
mine-T  a  useful  reagent  in  the  study  of  the  chemistrj'  of 
proteins,  and  he  has  been  able  to  form  cyanides  from 
amino  acids. 

Another  important  application  of  the  hypochlorites  has 
lain  in  the  disinfection  of  hospital  ships.  The  crowding  of 
large  numbers  of  cases,  many  of  them  suffering  or  con- 
valescent from  enteric  fever  or  dysentery,  in  these  vessels 
led  to  a  good  deal  of  secondary  infection  during  the 
voyage.  Tlie  process  of  generating  hypochlorites  by  the 
electrolysis  of  sea  water  has  long  been  known,  and  Dr. 
Dakin  devised  a  simple  ])laut  for  this  purpose,  using  the 
ordinary  ship's  current.  This  was  installed  experimentally 
on  the  Aquitania,  and  gave  such  admirable  results  that 
the  method  is  now  witlely  employed.  One  of  the  advan- 
tages presented  by  the  hypochlorites  as  disinfectants  is 
their  extreme  cheai^ness ;  the  saving  in  carbolic  acid  and 
cresol  in  one  voyage  of  the  Aquitania  was  estimated  to 
exceed  the  cost  of  the  electrolytic  cell  and  its  upkeep,  and 
the  efficiency  of  the  disinfectant  produced  was  so  great  'as 
practically  to  abolish  cases  of  secondary  infection. 

One  other  disinfectant  introduced  during  the  war  which 
deserves  special  mention  is  flavine,  now  termed  "  acri- 
flavine."  This  substance,  originally  prepared  by  Benda  at 
Elirlich's  suggestion,  for  the  treatment  of  trypanosomiasis, 
had  never  been  subject  to  proper  study  as  a  bactericide. 
This  study  was  undertaken  for  the  Medical  Research  Com- 
mittee at  the  Middlesex  Hospital,  by  Dr.  Carl  Browning  and 
several  of  his  colleagues.  The  research  included  a  number 
of  acridiue  compounds  besides  flavine,  and  embraced  also 
brilliant  green  and  aniline  dyes,  but  the  properties  of 
flavine  place  it  almost  apart  from  other  germicides. 
Nearly  all  the  chemical  substances  which  destroy  bacteria 
are  inimical  also  to  living  tissue  cells,  and  impair  the 
phagocytic  functions  of  the  leucocytes.  Flavine,  according 
to  Dr.  Browning's  report,  is  largely  free  from  these  objec- 
tions ;  that  is  to  say,  it  is  effective  as  a  germicide  iu  dilu- 
tions which  are  harmless  to  the  tissues,  and  do  not  impair 
the  phagocytic  powers  of  leucocytes.  More  than  this, 
almost  all  other  disinfectants  are  subject  to  the  grave  dis- 
advantage that  their  activity  is  hindered  or  even  abolished 
in  presence  of  albumins;  it  is  claimed  for  flavine  that  it  is 
a  more  active  germicide  in  serum  than  iu  distilled  water. 
The  clinical  trials  of  flavine  at  the  Middlesex  Hospital 
appear  to  support  the.se  laboratory  investigations,  but  at 
the  moment  the  stock  of  flavine  available  is  not  sufficient 
for  wider  trials,  though  its  commercial  production  has 
been  begun. 

It  need  hardly  be  said  that  the  opportunities  for  studying 
the  bacteriology  of  septic  wounds  which  have  so  freely 
offered  themselves  have  led  to  a  large  amount  of  research 
work,  the  most  important,  because  the  most  novel,  part  of 
which  has  been  the  study  of  anaerobic  infectious.  The 
universality  of  such  infections  has  attracted  attention  to 
them  in  almost  every  pathological  laboratory,  and  the 
opportunities  for  investigating  gas  gangrene  in  the  base 
hospitals  in  France  have  been  well  utilized,  though  the 
results  have,  perhaps,  been  of  surgical  rather  than  patho- 
logical novelty.  An  important  observation  is  that  of 
Dr.  Dale,  who  has  brought  forward  evidence  that  the 
so-called  "  toxins "  of  certain  of  the  anaerobic  bacilli 
connected  with  gas  gangrene  are  really  salts  of  ammonia. 
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Specific  studies  of  tlie  anaerobic  infectious  of  wounds  have 
been  cari'ied  out  for  the  Medical  Keseaicli  Committee  by 
several  groups  of  observers  in  this  country,  notably  by 
Drs.  Mcintosh  and  Fildes  at  the  London  Hospital,  and 
by  Professor  Dean  at  Manchester;  while  at  the  Lister 
Institute  Miss  Kobertson  has  been  similarly  occupied. 
Our  knowledge  of  the  classification  and  characters  of  these 
bacilli  has  gained  much  in  precision  and  extent. 

'Tetanus. 

In  the  early  days  of  the  war  tetanus  of  a  severe  type  was 
common  amongst  the  wounded,  and  the  control  of  this 
disease  by  the  prompt  administration  of  a  prophylactic 
dose  of  antitoxic  serum  to  all  wounded  men  will  rank  as 
one  of  the  triumphs  of  preventive  medicine  in  the  present 
war.  Early  in  1916  the  War  Office  appointed  a  Committee 
for  the  Study  of  Tetanus  under  the  chairmanship  of 
Surgeon-General  Sir  David  Bruce,  C.B.,  F.R.S.  This 
Committee  has  met  at  short  intervals,  and  being  furnished 
with  the  data  as  to  all  cases  occurring  in  military  hospitals 
in  England,  is  accompHshing  good  work  in  connexion  with 
prophylaxis  and  treatment,  to  which  the  appointment  of 
tetanus  inspectors  in  all  the  different  military  commands 
has  been  of  assistance.  The  practice  of  prophylactic 
inoculation  has  not  only  greatly  diminished  the  incidence 
of  tetanus,  but  in  large  numbers  of  cases  has  profoundly 
modified  its  nature  and  course  when  it  does  occur. 
The  recognition  of  "local  tetanus"  as  opposed  to  the 
generalized  disease  was  first  made  by  French  observers 
as  a  phenomenon  of  partial  protection,  and  their  observa- 
tions have  been  fully  confirmed  by  the  occurren''.e  of 
similar  cases  in  this  country  and  amongst  our  wounded 
abroad.  Every  gradation  has  been  observed  between  a 
tetanus  strictly  limited  to  the  wounded  limb  and  the 
general  disease,  and  it  has  been  found  that  the  more 
localized  the  tetanus  the  better  is  the  prognosis.  With 
regard  to  the  treatment  of  declared  tetanus  there  is  still 
considerable  dispute  as  to  the  best  route  for  administering 
the  specific  antitoxin.  The  War  Office  Committee  has 
from  the  first  advocated  the  intrathecal  route,  and  has 
instigated  experimental  work  relating  to'this  matter,  which 
is  not  yet  sufficiently  advanced  for  publication. 

TJte  Life-History  of  Bilharzia. 

The  presence  in  Egypt  of  large  numbers  of  Imperial 
Forces  was  attended  by  grave  risks  of  the  outbreak 
amongst  them  of  certain  of  the  endemic  diseases  of  that 
country,  and  not  the  least  of  these  was  infection  by 
bilharzia.  The  complete  life-history  of  this  parasite  was 
unknown,  and  had  baffled  Looss  and  other  investigators,  so 
that  there  was  no  knowledge  of  the  special  precautions 
that  ought  to  be  taken.  In  these  circumstances  the 
Medical  Kesearch  Committee  co-operated  with  the  War 
Office  and  the  London    School  of    Tropical  Medicine   in 


sending  out  a  special  mission,  headed  by  Dr.  Loiper,  to 
study  the  subject.  This  mission  successfully  solved,  in  a 
few  mouths'  work,  the  main  problem  involved,  proving 
that  the  intermediate  host  of  the  worm  is  a  freshwater 
mollusc ;  and  further  work  during  1916  has  shown  that 
the  two  main  species  of  bilharzia  in  Egypt  have  distinct 
intermediate  hosts :  that  of  Bilharzia  manaoni  beiug 
Planorhis  boisaiji,  while  Billiarzia  haematobium  has  two, 
and  perhaps  three,  species  of  Bullinus  (B.  conlortus, 
B.  dijbowskiji,  and  probably  B.  innesi)  as  intermediate 
hosts.  Cheap  aud  efficient  means  have  been  found  for 
rendering  infected  waters  safe,  and  have  been  brought 
into  use  in  all  military  camps.  For  the  first  time  the  way 
is  opened  up  for  the  eradication  of  this  grievous  infection 
from  the  country,  a  result  all  the  more  earnestly  to  be 
desired,  since  no  means  of  destroying  the  worm  has  been 
found  when  once  it  has  established  itself  in  the  human 
body. 

Trench  Foot. 

Very  large  numbers  of  men  were  invalided  from  the 
Western  front  during  the  winter  of  1914-15  with  the  con- 
dition at  first  regarded  as  frost-bite,  but  now  commonly 
termed  "  trench  foot."  Professor  Delepine  investigated 
this  subject  at  Manchester,  while  Professors  Lorrain  Smith 
and  Ritchie  with  Dr.  Dawson  carried  on  a  researcli  for 
the  Medical  Research  Committee  at  Edinburgh.  It  has 
been  shown  that  "  trench  foot  "  is  a  minor  state  of  frost- 
bite, the  damage  inflicted  being  usually  short  of  imme- 
diate death  of  the  tissues.  The  experimental  work  of 
Lorrain  Smith  and  his  colleagues  upon  the  rabbit  shows 
that  the  primary  lesion  is  vascular,  with  a  secondary  in- 
flammatory reaction  when  the  subject  is  removed  from 
the  causal  environment.  The  difference  between  this  and 
true  frost-bite  is  one  of  degree  only,  and  the  severer  forms 
of  trench  foot  end  in  gangrene.  Professor  Delepine  has 
shown  the  importance  of  a  layer  of  air  surrounding  the 
lower  extremity  in  preventing  trench  foot,  and  hasdevised 
a  simple  and  light  bag  of  oiled  silk  which  can  be  worn  by 
those  exposed  to  continuous  wet  and  cold  in  the  trenches, 
and  which  has  proved  a  considerable  safeguard. 

The  foregoing  short  account  of  what  has  been  accom- 
plished during  the  war  by  British  pathologists  is  neces- 
sarily incomplete.  Much  that  has  been  done  may  not  yet 
be  written  about,  and  no  attempt  has  been  made  to  enter 
into  full  details  as  to  that  which  is  already  public  property. 
This  slight  sketch  of  some  of  the  more  important  work 
which  has  been  accomplished  will  suffice  to  show  that  in 
pathology,  no  less  than  in  the  other  sciences,  advances 
have  been  made  under  the  stress  of  national  necessity, 
during  the  two  years  and  a  half  of  war  which  could  hardly 
have  been  expected  in  twenty  years  of  ordinary  work; 
and  although  it  has  been  "  war  work,"  it  represents  a 
solid  contribution  to  science  which  will  be  valid  for  the 
years  of  peace  to  come. 


CHAPTEE    III. 
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Colonel    Sir   WILMOT   P.   HERRINGHAM,   C.B.,   M.D.,   F.R.C.P., 

Consulting  Phtsilian. 


B-^cTiiRioLOGicAL  investigation  in  hospitals  of  the  front 
line  has  been  a  novel  feature  of  this  war.  Nothing  of  the 
kind  has  been  practised  in  any  of  our  previous  campaigns. 
It  has  been  rendered  possible  by  equipping  motor  vans 
as  mobile  laboratories.  The  first,  which  was  sent  out 
in  October,  1914.  had  been  a  pleasure  caravan;  It  was 
gutted  and  fitted  with  incubators  and  all  the  other 
apparatus  of  bacteriological  work,  and  was  followed  by 
many  others  of  the  same  type.  They  have  been  attached 
to  a  clearing  station  or  a  group  of  clearing  stations, 
and  tlie  officer  in  charge  is  provided  with  a  small  motor 
car,  so  that  he  can  go  to  any  place  in  his  area  where 
his  services  may  bo  wanted. 
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These  officers  perform  three  functions : 

1.  They  examine  all  kinds  of  morbid  products  from  the 
hospital  wards,  and  thus  aid  in  the  diagnosis  of  enteric 
fevers  and  other  epidemic  diseases  on  the  medical  side, 
and  of  the  various  forms  of  infection  that  attack  surgical 
wounds. 

2.  They  examine  contacts  in  cases  of  infectious  fever 
and  search  for  carriers  both  among  the  troops  and  in  the 
civil  population. 

3.  They  investigate  new  forms  of  disease  that  appear 
among  the  troops  in  order  to  discover  their  causes  aud  the 
means  of  prevention. 

Instances  of  the  first  class  of  work  are  the  exauiiuations 
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made  of  the  blood  and  excreta  in  cases  suspected  of  eutei-ic 
fever,  of  malaria,  or  of  dysentery,  and  of  the  cerebro-spinal 
fluid,  or  the  nasal  mucus  where  cerebro-spinal  fever  is  in 
question. 

In  the  first  year  of  the  war  the  diagnosis  of  enteric  at 
the  front  was  comparatively  easy.  But  when,  in  January, 
1916,  the  triple  inoculation  against  typhoid  and  para- 
typhoid A  and  B  came  into  use,  it  became  much  more 
difficult.  Firstly,  the  culture  of  the  bacilli  from  the  blood 
is  very  uncertain  in  inoculated  men  after  the  first  three 
days  of  fever,  and,  since  the  early  symptoms  are  slight 
and  are  not  distinguishable  from  those  of  many  other 
fevers  that  prevail,  few  patients  arrive  at  a  clearing  station 
within  that  time.  Secondly,  the  triple  inoculation  so  com- 
plicates the  agglutination  test  that  it  is  only  after  three  or 
four  trials  and  a  comparison  of  the  results  that  a  con- 
clusion can  be  reached.  As  this  takes  twelve  or  fourteen 
days  it  is  only  carried  out  at  the  front  in  the  comparatively 
few  cases  that  are  retained  in  the  infectious  hospitals 
there,  nor  is  it,  even  with  the  repeated  examination  of  the 
excreta  in  addition,  always  possible  to  obtain  bacteriological 
evidence  in  cases  where  the  clinical  symptoms  render  the 
diagnosis  certain. 

In  the  case  of  cerebro-spinal  fever,  Captain  Ellis,  of  the 
Canadian  Mobile  Field  Laboratory,  established  at  the 
same  time  as  Lieutenant  Colonel  Mervyu  Gordon  at 
home  the  existence  of  different  types  of  the  meningo- 
coccus distinguishable  by  agglutination  and  absorption 
tests. 

During  1915  cases  were  also  observed  in  which,  with 
acute  symptoms  just  like  those  of  cerebro-spinal  fever, 
the  cerebro-spinal  fluid,  though  under,  higli  pressure, 
contained  no  polymorphs  and  no  meningococci,  but 
lymphocytes  in  excess.  This  condition  we  called 
lymphocytic  meningitis.  It  was  never  fatal.  Later  on 
several  cases  of  meningococcal  septicaemia,  which  is  a 
very  acute  and  rapidly  fatal  disease,  were  discovered  by 
the  bacteriologists. 

Certain  cases  of  dysentery  occurred  and  were  accom- 
panied by  a  considerable  amount  of  non-dysenteric 
diarrhoea.  A  large  amount  of  diagnostic  work  was  carried 
out  by  the  mobile  laboratories  of  this  area. 

The  next  function  of  these  officers  is  to  discover  the 
source  of  an  infection,  and  to  stop  it  from  spreading.  In 
cases  of  enteric  the  work  was  very  elaborate.  In  the  first 
place,  a  systematic  search  was  made  for  recent  or  chronic 
carriers  among  the  troops.  Thus,  in  one  regiment  a 
carrier  was  discovered  in  the  regimental  kitchen.  In 
another,  which  had  lately  received  reinforcements,  no 
less  than  96  men  had  to  be  examined  before  the  carrier 
was  found.  But  the  source  of  infection  was  not  always  in 
the  troops.  The  part  of  Flanders  that  we  held  was  a 
hotbed  of  enteric,  and  many  cases  were  found  in  the  civil 
population.  The  search  for  these,  in  which  the  bacterio- 
logists were  aided  by  the  Belgian  sanitary  officer,  Dr.  de 
Wulf,  and  also  by  the  Society  of  Friends,  was  very  difficult. 
In  one  village  cases  of  enteric  occurred  in  three  successive 
formations  that  were  billeted  there.  No  civil  cases  could 
be  traced,  until  news  was  brought  of  a  child  that  had  been 
sent  away  to  convalesce  at  a  neighbouring  farm.  The 
clue  was  followed,  and  the  family  to  which  the  child 
belonged  were  identified  as  the  source  of  the  outbreak. 
They  kept  an  estaminet,  and  sold  food  to  the  soldiers. 
Many  carriers  of  dysentery  have  also  been  discovered  and 
isolated. 

The  conditions  of  warfare  made  it  far  less  possible  to 
obtain  contacts  of  cerebro-spinal  fever  at  the  front  where 
men  are  constantly  moving,  than  it  is  at  home  where  a 
man  may  be  stationary  for  weeks. 

The  subject  is  extremely  difficult,  and  even  now  the 
method  of  diagnosis  that  satisfies  one  bacteriologist  is 
held  insufficient  by  another.  I  do  not  remember  any 
instance  in  which  we  could  connect  two  cases  of  the  fever 
as  cause  and  eiiect,  or  as  caused  by  the  same  infection. 
They  have  been  verj*  uncommon,  even  under  the  conditions 
at  home. 

As  instances  of  the  examination  of  new  or  little 
known  forms  of  disease,  I  may  mention  trench  fever,' 
investigated  by  Captain  McNee  ;  spirochaetal  fever,- 
by  Captain  Adrian  Stokes ;  gas  gangrene ; '  and  the 
histology  of  the  prevalent  nephritis,  by  Lieutenant 
Dunn.* 

As  these  researches  will  no  doubt  be  dealt  with  under 
liheir  separate  headings,  it  needs  only  to  refer  to  them  here 


as  examples  of  excellent  work  done  in  the  laboratories  of 
the  front  and  of  the  importance  of  this  organization. 
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TRENCH    FEVER   AND    ITS    ALLIES. 

In  the  first  winter  of  the  war  there  were  many  cases  of 
stiffness  and  pain  in  various  parts,  especially  in  the  muscles- 
of  the  back  and  shoulders,  with  some  fever,  and  there  were 
also  a  few  cases  which  were  thought  to  be  influenza,  but 
in  the  soring  of  1915  our  attention  was  drawn  to  the 
frequency  of  a  form  of  fever  which  struck  every  one  as 
novel.  The  men  were  often  seized  suddenly,  perhaps 
when  performing  a  duty,  with  a  vertigo  or  faintness  sa 
severe  as  to  drop  them  in  their  tracks.  A  severe  head- 
ache, especially  at  the  back  of  the  eyes,  and  a  pain  in  the 
back  began  almcst  at  once.  Occasionally  there  was  pain 
in  the  left  hypochondrium.  When  the  men  reached  the 
clearing  station  they  complained  of  much  pain  in  the  legSr 
especially  down  the  shins.  Many  covild  not  bear  the 
pressiu-e  of  the  bedclothes.  In  some  the  pain  was  rather  in 
the  muscles  of  the  thigh,  and  in  a  few  it  was  felt  in  the 
calf.  Along  with  these  symptoms  the  tongue  was  furred, 
the  appetite  bad,  nausea  was  not  infrequent,  and  tlie 
bowels  were  constipated.  There  was  no  cough,  and  the 
lungs  were  unaffected.  The  pulse  was  from  70  to  80,  and 
the  heart  was  natural.  The  spleen  was  not  enlarged,  and 
there  was  no  albuminuria.  The  temperature  rose  quickly, 
reaching  102  F.  or  more  on  the  second  day.  Occasionally 
the  temperature  rose  to  105-  P.,  and  was  accompanied  by 
stupor.  It  fell  on  the  third  and  fourth  to  normal,  and  then 
in  many  cases  rose  again  on  the  fifth  or  si.xth  day,  to  fall 
again  on  the  ninth  or  tenth.  This  saddle-backed  curve 
resembled  that  of  the  phlebotomus  fever  of  the  Mediter- 
ranean, and  the  symptoms  were  not  dissimilar,  though 
milder,  but  there  was  no  phlebotomus  in  this  country.'  - 

As  further  cases  were  observed,  it  was  discovered  that 
the  i-elapse  might  take  place  at  different  intervals,  even 
after  ten  days  of  a  normal  temperature,  but  that  for  each 
patient  the  cycle  was  regular.  Thus  in  one  patient  the 
cycle  might  be  seven  days,  in  another  ten,  and  in  another 
even  thirteen  days.  The  periods  of  normal  temperature 
lasted  five,  eight,  and  eleven  days  respectively,  and  were 
interrupted  by  a  sudden  fever,  which  might  rise  to  104  F. 
and  as  quickly  disappear.  As  the  disease  continued  the 
fever  rose  each  time  to  a  gradually  lower  level,  and  the 
intervals  might  become  longer.' 

In  a  large  number  of  cases  there  was  only  one  bout  of 
fever.  Many  had  only  one  relapse,  but  if  there  was  more 
than  one  there  were  frequently  many,  and  such  a  patient 
might  continue  ill  for  many  weeks. 

Such  charts  as  these,  with  a  sharp  and  sudden  rise, 
separated  by  regular  and  afebrile  periods,  were  strongly 
suggestive  of  the  life-cycle  of  some  blood  parasite,  and 
every  method  was  followed  which  gave  hope  of  its  dis- 
covery. Up  to  the  present  no  such  body  has  been  found, 
but  it  has  been  shown  that  the  fever  can  be  communicated 
by  the  blood  from  a  patient  if  injected  into  a  healthy  man, 
and,  further,  that  tlie  virus  is  connected  with  the  reel 
blood  cells  and  not  with  the  serum.  It  has  been  a  common 
opinion  that  whatever  the  virus  may  be  it  is  conveyed  by 
the  louse,  and  there  are  a  few  facts  to  support  this.' 

No  case  proved  fatal,  and  the  great  majority  made  a 
speedy  recovery,  but  some  were  left  with  irregularity  of 
the  heart,  \vhich  persisted  for  a  long  time.  Cases  of  re- 
currence after  intervals  of  good  health  were  not  unknown  ; 
it  was  evident  that  one  attack  did  not  produce  immunity. 

Many  drugs — including  the  salicylic  acid  compounds, 
and  quinine  by  the  mouth,  and  salvarsan,  and  antimony 
by  injections — were  tried.  None  had  any  eff'ect  upon  the 
course  of  the  fever.  In  a  few  cases  aspirin,  and  in  more 
morphine,  relieved  the  pain  temporarily. 

Along  with  this  relapsing  form,  which  was  called  trench 
fever,  there  were  others  which  showed  no  relapse,  though 
the  symptoms  were  the  same.  Some  of  them  had  a  hog- 
backed  curve,  the  highest  points  lying  towards  the  middle 
of  the  curve,  which  fell  to  normal  about  the  tenth  day. 
Others  had  a  low  pyrexia,  never  rising  much  above 
100"  F.,  but  lasting  a  fortnight  or  three  weeks.  In  the 
summer  of  1916  a  number  of  cases  of  short  fever  were  sees 
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in  which  tho  spleen  was  onlargecl.  Tlicse  cases  were 
occasionally  observed  at  otiiei'  times.  They  were  probably 
a  special  form. 

Some  thought  that  they  could  distinguish  a  special  type 
which  they  called  shin  fever,  but  this  could  not,  on  wider 
investigation,  bo  established.  It  should  bo  added  that 
pain  in  the  shins  was  not  peculiar  to  any  fever.  It  was 
seen  in  typical  cases  of  enteric. 

Some  bacteriologists  found  various  infections  in  the 
blood  of  these  cases,  but  their  results  were  not  confirmed. 

The  chief  diseases  from  which  these  fevers  had  to  be 
distinguished  were  one  of  the  enteric  fevers  and  influenza. 
It   was   not   until  repeated  examinations,  extending  over 


some  liundreds  of  cases,  had  been  made  that  we  felt 
justified  in  excluding  the  former.  Influenza  is  so  jirotean 
a  disorder  that  its  exclusion  was  still  ujore  difficult.  There 
were  in  these  fevers,  however,  no  catarrhal  syujptoms,  the 
B.  injlucnr:i.u:  was  never  found  in  the  blood,  and  the  cases 
occurred  only  at  the  front  or  among  tho  personnel  of  hos- 
pitals where  the  cases  were  treated.  It  was  not  a  general 
epidemic  as  influenza  usually  is. 
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BIOCHEMISTRY    AND    WAR    PROBLEMS. 

H.  D.  DAKIN,  D.Sc,  F.R.S. 


The  application  of  science  to  every  department  of  modern 
warfare  is  universally  api^reciated.  Without  the  co-oiiera- 
tion  of  the  engineer,  the  physicist,  and  the  chemist,  war- 
fare could  not  approach  its  present  destructive  character. 
But,  apart  from  these  activities,  the  importance  of  which 
can  hardly  be  over-estimated,  a  large  amount  of  purely 
scientific  endeavour  has  been  devoted  to  the  conservation 
of  the  health  of  those  taking  an  active  part  in  the  present 
struggle.  The  object  of  the  following  notes  is  to  indicate 
a  few  striking  examples  of  what  may  be  termed  constructive 
applications  of  biochemistry. 

Purification  of  Water. 

The  supplying  of  a  large  army  in  the  field  with  safe  and 
palatable  drinking  water  is  obviously  a  problem  of 
immense  practical  importance.  The  difficulties  encoun- 
tered, particularly  when  troops  are  living  in  typhoid- 
infected  areas,  were  great,  but  the  sanitary  service  of  the 
army  has  every  reason  to  feel  proud  of  the  great  success  it 
has  achieved  in  this  direction.  Tlie  use  of  chlorine  com- 
pounds for  the  sterilization  of  polluted  waters  has  long 
been  practised,  particularly  in  typhoid-infected  areas  in 
America,  but  the  application  of  the  method  on  a  huge 
scale  to  field  conditions  required  additional  experience  and 
experiment.  The  care  bestowed  in  the  control  of  the 
army  water  supplies  by  both  chemical  and  bacteriological 
methods  has  been  fully  justified  by  the  results,  and  if  the 
publication  of  statistics  were  permitted,  it  would  appear 
that  some  other  nations  had  still  much  to  learn  in  this 
direction.  While  the  excellent  typhoid  statistics  of  the 
British  army  are  doubtless  in  large  measure  due  to  pro- 
tective inoculation,  the  eflicient  supplementing  of  this 
procedure  by  tho  provision  of  safe  water  supplies  is  no 
inconsiderable  factor. 

Accessory  Food  F.-vctoes  (Vitamines). 

Questions  of  diet  are  of  no  less  importance  than  water 
supply.  In  recent  years  biochemical  studies  have  indi- 
cated the  necessity  of  the  presence  of  certain  substances 
in  relatively  small  amounts  in  order  to  make  an  otherwise 
ample  diet  adequate  for  maintenance  or  growth.  The 
earliest  experiments  of  this  kind  were  made  at  Cambridge 
by  Professor  Hopkins  and  Jliss  Wilcox.  They  found  that 
mice  furnished  with  a  diet  containing  liberal  amounts  of 
fat,  carbohydrate,  and  protein,  which  were  much  more 
than  sufficient  to  furnish  the  energy  requirements  of  the 
organism,  failed  to  sustain  life  if  a  particular  aminoacid, 
discovered  by  Hopkins,  was  not  a  constituent  of  the 
protein.  This  heterocyclic  amino-acid,  tryptophane,  sys- 
tematically named  indole  a-aminopropionic  acid,  was 
found  as  a  constituent  of  many  proteins,  but  not  all.  It  is 
absent,  for  example,  from  gelatine,  this  being  one  reason 
why  gelatine  is  an  incomplete  protein  food.  Hopkins  and 
Wilcox  found  that  addition  of  small  amounts  of  trypto- 
phane to  the  inadequate  diet  just  referred  to  was  followed 
by  marked  improvement  in  the  condition  and  duration  of 


life  of  experimental  animals.  A  most  valuable  discussion 
on  the  importance  of  individual  amino-acid  groupings  in 
proteins  for  nutrition  and  growth  has  recently  been  pub- 
lished bv  Hopkins  in  his  lecture  at  the  Chemical  Society, 
May  18th,  1916.' 

Later  experiments  showed  that  young  animals  could  not 
grow  when  fed  upon  so-called  "  synthetic  "  diets  consisting 
of  mixtures  of  pure  proteins,  fats,  carbohydrates,  and  salts, 
although  maintenance  might  be  secured  for  a  considerable- 
time.  But  Hopkins-  found  that  a  substance  or  substances 
found  in  normal  foodstuffs  (for  example,  milk)  can,  when 
added  to  tho  dietary  in  astonishingly  small  amounts,  secure 
the  utilization  for  growth  of  the  protein  and  energy  con- 
tained in  such  artificial  mixtures.  The  significance  of 
these  observations  with  regard  to  diseases  such  as  scurvy, 
rickets,  and  beri-beri  was  at  once  apparent. 

Late  work  by  Hopkins,  and  a  host  of  followers,  has- 
served  to  emphasize  the  imjiortauce  for  nutrition  and 
growth  of  these  small  amounts  of  substances  which  are 
often  called  "accessory  factors"  or  "vitamines."  Some- 
of  the  subtances  which  are  found  in  milk,  yeast,  whole  rice- 
meal,  and  animal  tissues,  are  extraordinarily  potent  in  the 
relief  of  polyneuritis  induced  experimentally  in  birds  by- 
feeding  on  a  "  vitamine  "-free  diet  of  polished  rice.  The 
exact  nature  of  these  substances  is  still  obscure,  although 
Funk,"'  working  at  the  Lister  Institute,  Suzuki  in  Japan.--' 
Moore  and  co-workers,-^  Cooper,"'  and  others,  in  England, 
have  obtained  partly  purified  basic  products  of  high 
potency.  The  practical  importance  of  these  studies  has 
been  amply  justified  by  the  success  obtained  in  the  preven- 
tion of  scurvy,  beri-beri,  and  similar  nutritional  disorders 
among  troops  operating  under  conditions  which  render  the 
abundant  supply  of  fresh  food  difficult  or  impossible.  By 
supplementing  the  diet  available  under  such  circumstances 
with  small  amounts  of  material  rich  in  "  vitamines,"  it  has- 
been  possible  to  restrict  the  development  of  the  disorders 
mentioned  in  a  way  that  would  have  been  impossiblo 
even  a  few  years  ago.  A  large  number  of  experiments 
as  to  the  most  practical  form  of  supplying  the  needed 
vitamines  has  been  carried  out  under  the  direction  of  the 
authorities  concerned,  \iho  were  keenly  alive  to  prac- 
tical lessons  to  be  learnt  from  the  laboratory  studies  just 
referred  to. 

It  is  of  interest  to  note  that  some  recent  experiments  of 
Williams'  upon  the  curative  action  of  various  substances- 
on  experimentally  induced  polyneuritis  in  birds  appear  to. 
show  that  certain  synthetic  pyridine  derivatives  containing 
a  betaine-like  ring  possess  this  property  in  high  degree. 
A  substance  intimately  related  to  the  purin  compound 
adenine  has  been  isolated  from  yeast,  and  also  found  to 
exert  curative  action.  Tho  necessity  for  purin  derivatives 
for  the  synthesis  of  unclear  substance  in  i^ii'o  is  noteworthy 
in  this  connexion.  It  may  reasonably  be  expected  that 
the  more  intimate  analysis  of  metabolic  processes  which  is 
being  made  possible  by  the  pioneer  work  of  Hopkins  will 
find  many  applications  in  the  treatment  and  prevention 
of  nutritional  disorders. 
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Wound  Infections. 
Few  subjects  have  attracted  more  urgent  attention 
clai-ing  the  present  war  than  tlie  question  of  the  treatment 
of  infected  wounds.  As  every  oue  knows,  this  problem 
has  surpassed  in  difficulty  anything  which  had  previously 
been  experienced,  both  as  regards  the  frequency  and 
malignity  of  wound  infections.  Apart  from  special  surgical 
procedure  and  protective  inoculation,  with  which  we  are 
not  concerned  at  the  moment,  the  problem  has  been  chiefly 
attacked  in  two  ways. 

Hypertonic  Salt  SoliUions. 

The  method  advocated  by  Sir  Almroth  W'right  demands 
the  employment  of  salt  solutions  of  varying  concentration 
but  of  slight  germicidal  action.  Hypertonic  salt  solutions 
are  used  to  provoke  an  increased  flow  of  lymph  from  the 
wound  surfaces  with  the  object  of  facilitating  and 
accelerating  the  natural  processes  of  repair.  The  other 
methods  which  are  in  vogue  involve  the  use  of  more 
active  chemical  agents — antiseptics — with  the  aim  of  re- 
ducing infection  by  more  or  less  direct  germicidal  action. 
There  has  been  a  great  deal  of  di.scussion  as  to  the  rival 
merits  of  the  two  systems,  but  to  some  observers  at  least 
it  would  appear  that  the  ditt'erences  between  the  so-called 
"  physiological  "  and  "  antiseptic  "  methods  of  treating 
wounds  are  not  nearly  so  groat  as  at  one  time  appeared, 
and  that  the  effects  sought  by  the  best  exponents  of  the 
two  methods  have  much  in  common. 

xiniisepiics. 

At  first,  prime  importance  was  attached  to  the  search 
for  the  most  actively  germicidal  substances  as  judged  by 
their  action  on  micro-organisms  suspended  in  various 
media  outside  the  body.  With  the  aid  of  these  substances 
much  was  expected  in  the  way  of  rapid  wound  steriliza- 
tion, but  the  results  were  mostly  disappointing.  The 
problem  was  evidently  not  to  be  solved  in  tliis  way.  and 
the  idea  that  dirty  lacerated  wounds  could  be  sterilized  by 
isolated  applications  of  powerful  antiseptics  had  early  to 
be  abandoned.  The  exponents  of  physiological  methods 
did  genuine  service  in  indicating  the  danger  and  futility 
of  such  a  procedure,  and  it  was  soon  realized  that  where, 
as  was  the  rule,  sterilization  was  not  effected,  the  con- 
comitant injury  to  living  tissue  by  the  unintelligent  appli- 
cation of  corrosive  antiseptics  might  far  outweigh  any 
advantage  gained.  But  at  the  same  time  it  cannot  be  too 
strongly  insisted  that  experiences  of  this  kind  cannot  be 
taken  as  refuting  the  value  of  every  kind  of  antiseptic 
treatment.  With  the  desire  to  secure  crucial  experiments 
to  prove  the  inutility  of  antiseptics,  wounds  have  been 
extensively  swabbed  with  pure  carbolic  acid  with  the 
avowed  intention  of  giving  the  antiseptic  every  chance. 
Yet,  in  the  light  of  the  experience  of  the  last  thirty 
mouths,  the  finding  of  organisms  in  the  discharge  from  any 
but  trifling  wounds  treated  in  this  way  was  almost  a  fore- 
gone conclusion,  aud  proves  nothing  as  to  the  eflicacy  of  anti- 
septics in  general  when  employed  under  proper  conditions. 

When  it  was  realized  that  the  immediate  sterilization  of 
badly  infected  deep  wounds  by  a  single  application  of  a 
"strong"  antiseptic,  even  when  applied  soon  after  the 
infliction  of  the  wound,  was  rarely  successful,  attention 
■was  turned  to  the  repeated  or  even  continuous  application 
of  relatively  mild  antiseptic  solutions,  aud  here  genuine 
success  appears  to  have  been  obtained. 

Hypochlorites. 

Of  the  innumerable  antiseptics  which  have  been  em- 
ployed in  the  present  war  two  appear  to  have  been 
regarded  with  especial  favour,  and  they  have  much  in 
common.  These  are  the  calcium  hypochlorite  and  boric 
acid  mixture  introduced  by  Professor  Lorrain  Smith 
under  the  name  of  "eusol,"*and  neutral  sodium  hypo- 
chlorite solution,  the  preparation  of  which  was  described 
in  this  Journal.^  The  composition  of  the  latter  solution 
has  been  modified  by  various  writers  in  minor  details 
without  much  essential  change.  Although  the  germicidal 
action  of  hj'pochlorites  has  long  been  made  use  of  for 
water  purification  aud  other  similar  hygienic  purposes, 
until  recently  they  had  seldom  been  used  for  surgical 
purposes,  except  occasionally  for  the  removal  of  sloughs. 
One  reason  for  this  is  undoubtedly  to  be  found  in  the  fact 
that  commercial  hypochlorite  preparations  commonly  con- 
tain free  alkali,  aud   hence  are  intensely  irritating.     The 


presence  of  free  alkali  is  guarded  against  in  the  prepara- 
tion of  the  two  solutions  just  mentioned  by  substantially 
the  same  method,  which  may  be  incidentally  referred  to 
as  illustrating  the  application  of  a  well-known  physico- 
chemical  principle.  It  has  long  been  known  that  when  a 
polybasic  acid,  such  as  phosphoric  or  carbonic  acid,  is 
partly  neutralized  by  successive  additions  of  alkali,  a  point 
is  reached  when  the  solution  coutains  a  mixture  of  acid 
aud  neutral  salts  which  reacts  approximately  neutral  to 
suitable  indicators.  To  sucli  a  solution  moderate  additions 
of  either  acid  or  alkali  may  be  made  without  changing  the 
reaction  of  the  solution,  the  only  change  being  variations 
in  the  proportions  of  various  salts.  This  mechanism,  as 
Henderson  aud  others  have  shown,  is  largely  responsible  for 
the  maintenance  of  the  essential  neutrality  of  blood  and 
other  body  fluids  under  changing  conditions.  In  the  case  of 
the  antiseptic  solutions  uuder  consideration,  the  polybasic 
boric  acid  was  chosen  for  adding  to  the  alkaline  hypo- 
chlorites, so  that  the  resulting  solutions  were  capable  of 
maintaining  neutrality.  Using  similar  principles,  Daufresne 
has  developed  a  hypochlorite  solution  containing  no  boric 
acid  but  a  mixture  of  carbonate  and  bicarbonate.  Such 
solutions  are  referred  to  as  "  buffer  solutions,"  indicating 
their  ability  to  reduce  the  actual  change  of  reaction  due 
to  the  addition  of  either  acid  or  alkali. 

These  hypochlorite  preparations  are  probably  used  more 
widelj'  than  any  other  antiseptic  solutions  at  the  present 
time,  uot  only  in  our  own  Army  Medical  Service  but  in 
the  allied  countries,  and  from  recent  reports  it  appears 
that  the  Germans  have  been  making  extensive  use  of  them 
as  well.  They  were  both  developed  as  the  result  of  work 
carried  out  on  behalf  of  the  Medical  Research  Committee. 
The  wide  adoption  of  these  antiseptics  in  preference  to 
those  more  generally  used  prior  to  the  war  is  significant, 
especially  in  view  of  the  disfavour  with  which  antiseptics 
in  general  were  regarded  a  short  time  after  the  outbreak 
of  the  war,  as  a  result  of  their  comparative  failure  to  meet 
the  demands  then  made  upon  them. 

This  preference  for  the  hypochlorite  antiseptics  as  com- 
jiared  with  many  others  appears  to  be  supported  by  both 
clinical  results  and  by  laboratory  investigations.  The 
solvent  action  of  hypochlorites  on  necrotic  tissue  is  a  great 
advantage  when  contrasted  with  the  coagulating  effect  of 
many  antiseptics  on  blood  serum  and  wound  exudates. 
The  former  action  of  hypochlorites  permits  the  wound 
surface  to  remain  moist  and  so  removes  obstacles  to  the 
outward  flow  of  lymph,  which  is  so  readily  checked  by 
antiseptics  which  are  protein  precipitants.  Moreover,  the 
hypochlorites,  by  virtue  of  their  strong  oxidizing  power, 
appear  to  react  readily  with  the  toxic  products  of  bacterial 
activity — and  indeed  this  action,  as  will  be  referred  to 
later,  has  been  used  by  Dean  for  the  preparation  of 
dysentery  toxin  of  greatly  diminished  toxicity,  but  other- 
wise potent  for  the  production  of  antibodies.  The  diminu- 
tion in  general  toxaemia  following  the  free  use  of  hypo- 
chlorite in  old,  badly  infected  wounds,  especially  fractures, 
in  which  sterilization  is  incapable  of  attainment,  is  a 
common  observation,  as  well  as  the  increase  in  the 
toxaemia  following  its  abandonment  or  replacement  by 
some  other  solutions.  Furthermore,  from  the  experiments 
of  Wright,'"  it  appears  that  hypochlorites  are  preferable 
to  antiseptics  such  as  phenol  or  iodine,  since  they  differ 
markedly  from  the  latter  in  being  less  disturbing  to  a 
favourable  balance  between  the  antitryptic  and  tryptic 
effects  in  fluids  such  as  are  formed  by  wound  secretion. 
Wright  regards  this  as  the  probable  explanation  of  why 
wounds  treated  with  hypochlorite  suppurate  less  and  heal 
better  than  did  the  wounds  treated  in  the  earlier  period 
of  the  war  with  the  antiseptics  then  in  use.  The  suggestion 
that  autitrypsiu  plays  au  important  part  in  the  normal 
bactericidal  properties  of  blood,  as  put  forward  by  Wright 
aud  others,  has  au  obvious  connexion  with  the  above 
opinion,  and  in  this  relation  it  may  be  recalled  that  hypo- 
chlorites, like  many  other  active  chemical  substances, 
when  injected  intravenously  into  animals,  produce  first  a 
fall  and  then  a  marked  rise  above  normal  of  the  anti- 
trj'ptic  value  of  the  blood  scrum. 

Synthetic  Dyes  as  Antiseptics, 

The  selective  antibacterial  action  of  certain  synthetic 
dyes  (crystal  violet,  malachite  green,  etc.)  has  long  been 
applied  by  bacteriologists  in  the  preparation  of  differential 
culture  media.  The  work  of  Ehrlich  aud  his  school  on  the 
specific   therapeutic   action   of   certain   dyes   in  protozoal " 
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infections  is  also  well  known.  The  special  need  ci-eated  by 
the  war  for  substances  of  low  toxicity  to  tin;  tissues  of 
higher  animals,  but  of  high  antiseptic  potency,  has  led  to 
the  use  of  several  dyes  for  the  tlisinfectiou  of  wounds. 
Very  good  results  have  been  obtained  by  using  dyes  of  the 
tripheuyhnethane  series  (crystal  violet,  malachite  green, 
brilliant  green).  Fildcs,  Kajchmau,  and  Cheatle,-'  who 
were  among  the  earliest  workers  to  apply  the  disinfecting 
action  of  such  dyes  to  wound  treatment,  used  a  mercury 
compound  of  malachite  green,  sprayed  on  to  the  wound 
surface  in  alcoholic  solution,  and  obtained  better  results 
than  with  either  malachite  green  or  mercuric  chloride 
alone.  A  recent  publication  by  Browning  -'  deals 
with  a  further  development  of  the  use  of  dyes  as 
antiseptics,  and  describes  results  of  extraordinary  interest 
and  promise,  obtained  with  a  dye  of  the  acridino 
series,  of  which  the  trypanocidal  value  was  studied  some 
years  ago  by  Ehrlich.  This  substance,  "  trypaflavin  " 
(diamino-methyl  acridinium  chloride),  has  been  found  to 
have  a  high  general  antiseptic  value  by  Browning,  who,  on 
account  of  this  more  general  application,  proposed  to  call 
it  "  flaviue."  Browning  finds  that,  while  the  antiseptic 
action  of  all  other  substances  examined,  including  the  dyes 
mentioned  above,  is  greatly  diminished  by  the  i)resence  of 
blood  serum,  that  of  flaviue  is  not  only  not  diminished,  but 
is  conspicuously  increased,  even  to  five  times  its  potency 
in  water.  This,  taken  in  conjunction  with  Browning's 
further  observation  that  flaviue  is  harmless  to  the  tissues, 
and  even  to  the  activity  of  leucocytes,  in  concentrations 
having  a  strong  antiseptic  action,  awakens  great  expecta- 
tions concerning  its  therapeutic  value  in  various  infections. 
Preliminary  trials  have  already  confirmed  its  efficacy  in 
the  treatment  of  septic  wounds,  and  the  results  of  the 
more  extended  trial,  which  will  be  carried  out  under  the 
Medical  Research  Committee  as  soon  as  adequate  quantities 
of  the  dye  are  available,  will  be  awaited  with  interest. 

The  Chemistry  ok  Disinfection. 

But  the  measure  of  success  achieved  by  many  surgeons 
in  the  treatment  of  infected  wounds  with  hypochlorite 
antiseptics  has  been  due  to  much  more  than  the  substitu- 
tion of  one  antiseptic  lotion  for  another.  Granted  tliat 
hypochlorites  possess  certain  advantageous  properties  not 
shared  by  other  antiseptics,  their  employment  requires  the 
observance  of  other  essential  conditions  if  success  is  to 
be  obtained.  The  development  of  these  conditions,  apart 
from  the  necessary  surgical  interference,  was  based  on 
laboratory  work.  The  researches  of  C.  J.  Martin  and 
Miss  Chick  have  done  much  to  supply  accurate  information 
as  to  the  laws  of  disinfection.  From  studies  on  the  rate 
of  disinfection  by  mercuric  chloride,  silver  nitrate,  and 
phenol  acting  on  B.  paratyphos\is  and  spores  of  B.  anthracis, 
Miss  Chick "  concluded  that  a  very  complete  analogy 
existed  between  ordinary  chemical  reactions  and  the  pro- 
cess of  disinfection,  one  reagent  being  represented  by  the 
disinfectant  and  the  second  by  the  protoplasm  of  the 
bacterium.  In  the  case  of  the  spores  the  process  of  dis- 
infection proceeds  with  a  reaction  velocity  in  accordance 
with  the  well-known  equation  for  a  uuimolecular  reaction, 
if  figures  representing  "  numbers  of  surviving  bacteria " 
are  considered  and  taken  as  the  equivalent  of  "  reacting 
substance."  In  the  case  of  B.  ty2)hosiis  departures  from 
the  simple  law  were  noted  owing  to  permanent  differences 
in  resistance  to  the  antiseptic  among  the  individual 
organisms.  The  rate  of  disinfection  in  all  cases  was 
greatly  increased  by  rise  in  temperature,  the  velocity 
being  increased  three  to  ten  fold  by  an  increase  of  ten 
degrees  Centigrade. 

If  the  act  of  disinfection  be  thus  regarded  as  a  chemical 
reaction  proceeding  with  a  definite  velocity,  the  successful 
use  of  antiseptics  will  depend  on  the  establishment  of 
conditions  such  that  the  reaction  may  be  pushed  as  far  as 
possible  towards  completion  in  any  given  period  of  tiine. 
Increase  in  the  active  mass  of  antiseptic  and  rise  in  tem- 
perature will  favour  the  course  of  the  reaction,  but  in  the 
case  of  wound  treatment  these  factors  are  obviously 
limited  by  other  considerations.  In  the  case  of  hypo- 
chlorites, the  maintenance  of  an  effective  mass  of  anti- 
septic in  a  wound  cavity  is  a  difficult  problem  on  account 
of  the  ease  with  which  these  substances  enter  into  com 
bination  with  proteins  and  other  compounds  in  the  wound 
exudate.  Of  these  products,  those  which  contain  active 
chlorine  united  to  nitrogen  retain  their  germicidal  action 
while  the  others  lose  it  entirely.     It  is  for  this  reason  that 


the  technique  employed  by  those  who  obtain  really  satis- 
factory results  with  the  hypochlorite  antiseptics  reipiires 
such  careful  observance.  The  repeated  renewal  of  hypo- 
chlorite solution  in  woimds  which  have  received  adequate 
preliminary  surgical  treatment  is  a  practical  necessity  that 
is  easily  understood  if  the  rate  of  its  disappearance  is  borne 
in  mind,  but  this  has  too  often  been  overlooked  by  those 
who  hope  to  find  special  curative  action  following  infre- 
quent administration  of  these  antiseptics.  The  technique 
employed  by  Carrel  and  ]-)chclly  in  France  and  by  Sir 
Berkeley  Moynihan'-  and  many  others  in  England,  by  which 
frequently  renewed  quantities  of  hypochlorite — the  amount 
varying  with  the  character  and  surface  extent  of  the 
wound — are  iujected  into  the  cavity  and  its  recesses  by 
means  of  rubber  supply  tubes,  is  a  natural  consequence  of 
the  chemical  properties  of  the  antiseptic  they  employ.  As 
in  the  case  oE  tlie  treatment  of  wounds  with  hypertonic 
salt  solution  and  other  irrigation  methods  the  technique  is 
of  prime  importance,  and  success  or  failure  depends  to  a 
greater  extent  upon  tliis  than  upon  minor  details  in  the 
composition  of  the  solution. 

The  widespread  adoption  of  hypochlorites  for  antiseptic 
purposes  invited  chemical  studies  as  to  their  mode  of 
action.  Apparently  there  are  great  differences  in  the  way 
antiseptic  substances  act.  Miss  Chick's  experiments  con- 
firmed the  view  that  the  metallic  ious  resulting  from  the 
electrolytic  dissociation  in  solution  of  salts  such  as  mer- 
curic chloride  aud  silver  nitrate  are  the  real  disinfecting 
agent  rather  than  the  salts  as  a  whole,  and  this  conclusion 
is  in  harmony  with  some  unpublished  results  showing 
that  some  double  cyanides  of  silver  which  do  not  disso- 
ciate normally  have  a  surprisingly  low  germicidal  action. 
Cooper, '■'■  working  at  the  Lister  Institute,  concluded  that 
the  germicidal  action  of  phenol  is  not  due  to  a  typical 
union  of  the  phenol  with  bacterial  protoplasms,  as  is 
probably  the  case  with  formaldehyde,  but  rather  to  a 
de-emulsifying  effect  upon  a  colloidal  suspension  of  some 
constituent  protein  essential  for  the  vitality  of  the 
organisms.  In  the  case  of  hypochlorites  direct  chemical 
action  upon  bacterial  proteins,  and  any  other  protein 
which  may  be  in  the  medium,  undoubtedly  occurs,  and  the 
germicidal  substances  so  formed  may  contain  much  active 
chlorine  linked  to  nitrogen  as  NCI  groups.  A  systematic 
study  of  many  synthetic  substances  containing  this 
grouping  led  to  the  conclusion  that  almost  all  of  them 
possessed  high  antiseptic  properties,  aud  one  of  them, 
toluene  sodium  sulphochloramide,  or  chloramine-T,  has 
been  used  on  an  extensive  scale.  Its  manufacture  was 
first  undertaken  in  England,  and  it  is  now  made  by  many 
firms  here  and  abroad.  Apart  from  the  use  of  the  sub- 
stance for  general  antiseptic  purposes,  its  stability  permits 
its  use  in  very  dilute  solution  under  conditions  in  which 
bypochlorites  would  be  too  irritating.  One  of  the  "most 
interesting  applications  of  this  substance  has  been  worked 
out  by  Colonel  Gordon  and  published  in  this  Journ.\l. 
Carriers  of  the  meningococcus,  when  placed  in  an 
inhalatorium  and  subjected  to  the  action  of  a  steam  spray 
carrying  the  antiseptic  in  tine  suspension,  have  been  freed 
from  this  organism  in  satisfactory  manner,  and  the 
successful  extension  of  the  method  to  other  infections  of 
the  upper  respiratory  passages  seems  likely.  Here  again, 
as  in  the  use  of  antiseptics  for  wound  treatment,  details 
of  technique  in  the  presentation  oi  the  drug  are  of 
cardinal  importance. 

Synthetic  Drugs. 
Among  the  many  taslcs  which  confronted  chemists  at 
the  outbreak  of  the  war,  few  were  more  urgent  than  that 
of  preparing  adequate  quantities  of  certain  drugs  for  the 
supply  of  which  we  had  previously  been  dependent  on 
hostile  countries.  Much  of  this  work  has  been  done  in  a 
successful  and  unobtrusive  way  in  the  laboratories  of 
chemical  manufacturers,  while  in  other  cases  the  assistance 
of  organic  chemists  on  the  staff  of  our  universities  has 
been  freely  and  cheerfully  given.  It  is  unnecessary  to  go 
into  details  with  regard  to  the  individual  products,  which 
cover  a  wide  range,  but,  as  is  well  known,  the  demand  for 
arsenical  compounds  of  the  type  of  salvarsan  and  various 
local  anaesthetics  such  as  novocain  and  eucaine  was  par- 
ticularly heavy  and  has  been  well  met.  It  will  be  recalled 
that  the  latter  substance  is  an  acetone  derivative,  aud  in 
this  connexion  reference  may  be  made  to  the  development 
in  this  countr}',  since  the  war  commenced,  of  the  industrial 
production   of   acetone  by  a  fermentation  process.     This 
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new  industry  promises  to  be  of  great  utility.  Salvarsan 
and  its  cougeners  and  the  local  auaestlietics  are  now  pro- 
duced ill  a  thoroughly  successful  fashion  not  only  in  this 
country  but  also  in  Canada.  The  control  of  the  quality  of 
salvarsan  offered  for  sale  in  this  country  has  been  cared 
for  by  the  Medical  Research  Committee,  while  in  Canada 
the  manufacturers'  product  is  tested  in  the  laboratories  of 
the  Pathological  Department  of  Toronto  University. 

An  interesting  investigation  on  the  fate  of  salvarsan  and 
ueo-salvarsan  has  recently  been  published  by  W.  J.  Young.'' 
This  author  finds  that  the.se  substances,  when  injected 
intravenously  into  goats,  give  rise  to  the  presence  of 
arsenic  in  the  blood  plasma  and  corpuscles  in  a  form 
which  cannot  be  removed  by  dialysis  but  which  can  be 
precipitated  with  the  serum  proteins  by  tannic  acid.  A 
similar  behaviour  is  shown  by  atoxyl.  No  such  combina- 
tion could  be  observed  when  inorganic  arsenic  preparations 
were  injected,  and  it  would  appear  as  if  the  varying  thera- 
peutic effects  of  different  types  of  arsenic  prei^arations 
depended,  at  least  in  pirt,  on  whether  non-dialysable 
arsenic  appears  in  the  blood.  Careful  studies  of  the  rate 
of  arsenic  excretion  following  administration  of  salvarsan 
and  neo-salvarsan  have  been  published  by  Webster.''' 

Although  so  much  remained  to  be  done  to  supply  exist- 
ing demands,  a  few  new  therapeutic  products  of  approved 
vahic  have  been  introduced.  Among  these  mention  must 
be  made  of  the  introduction  of  emetine  bismuthous  iodide 
by  H.  H.  Dale  "•  for  the  treatment  of  carriers  of  amoebic 
dysentery.  This  substance  was  suggested  by  Du  Mez  as 
of  possible  value,  and  Dale's  work  iias  definitely  shown 
that  carriers  who  have  long  been  treated  without  success 
with  emetine  administered  liypodermically  in  the  ordinary 
way,  can  be  freed  from  infection  by  the  new  drug,  which, 
unlike  emetine  itself,  can  be  given  by  the  mouth. 

A  new  synthesis  of  /i-iminazolethylamine,  a  substance 
which  was  shown  by  Barger  and  Dale  to  be  one  of  the 
most  physiologically  active  constituents  of  ergot,  has  come 
to  light  in  a  rather  curious  way.  In  studying  the  oxidizing 
action  of  the  antiseptic  chloramine-T  upon  various  amino 
acids  derived  from  proteins,  it  was  found  that  many  of 
these  substances  were  converted  into  cyanides  with  one 
less  carbon  atom  than  the  original  substance.  Histidiue, 
for  example,  gave  cyanomothylglyoxaline,  and  the  latter 
substance,  as  was  already  known,  gives  the  active 
/3-iminazolethylamine  on  reduction."  The  reaction  pro- 
mises to  be  of  technical  value  for  the  preparation  of  this 
and  allied  physiologically  active  amines. 

Phakmacological  Research. 

In  relation  to  pharmacological  research,  reference  must 
be  made  to  an  extraordinary  investigation  in  the  chemistry 
of  the  opium  alkaloids  recently  published  by  W.  H.  Perkin.'" 
The  *  work  mainly  deals  witli  cryptopine,  an  alkaloid 
occurring  in  such  small  quantities  that  10,000  lb.  of  opium 
were  needed  for  the  preparation  of  5  oz.  of  the  hydro- 
chloride. The  breaking  down  of  cryptopine,  mainly  by 
oxidation  under  carefully  regulated  conditions,  with  the 
formation  of  substances  either  of  known  structure  or 
which  were  subsequently  synthesized,  and  the  deduction  of 
the  probable  molecular  arrangement  of  the  parent  alkaloid 
from  the  structure  of  these  simpler  derivatives,  is  a  triumph 
of  experimental  skill  and  tlieoretical  insight.  Scores  of 
new  compounds  were  carefully  characterized  in  the  course 
of  the  work,  which  throws  much  interesting  light  not  only 
on  the  structure  of  cryptopine  and  protopine,  but  on  other 
related  alkaloids.  It  is  of  course  unnecessary  to  refer  to 
the  fact  that  it  is  to  researches  such  as  these  that  we  owe 
inspiration  and  direction,  not  only  in  the  work  of  the 
synthetic  preparation  of  the  natural  alkaloids  of  thera- 
peutic value,  but  in  the  artificial  synthesis  of  new  drugs. 

Cushny  '^  has  lately  made  some  noteworthy  observations 
on  the  pharmacological  antagonism  existing  between 
atropine  and  pilocarpine.  These  experiments  were  made 
on  the  salivarj'  secretion,  and  showed  that  in  different 
dogs  a  constant  amount  of  atropine  was  necessary  to 
oppose  the  action  of  a  constant  amount  of  pilocarpine,  and 
in  the  same  dog  the  ratio  of  the  two  drugs  remained  the 
same,  irrespective  of  how  the  actual  amounts  injected 
might  vary.  It  appears,  therefore,  that  the  antagonism 
proceeds  according  to  the  laws  of  mass  action  rather  than 
those  of  simple  chemical  combination  in  definite  propor- 
tions. The  investigation  is  an  interesting  example  of  the 
application  of  physio  chemical  methods  to  the  elucidation 
of  the  mechanism  of  the  action  of  drugs. 


Antitoxic  Serums. 

Reference  has  already  been  made  to  the  discovery  by 
H.  R.  Dean  and  R.  S.  Adamson  ■*  that  the  toxicity  of  Shiga 
dysentery  vaccines  could  be  enormously  reduced  by  the 
restricted  action  of  hypochlorites  and  other  oxidizing 
agents  without  lowering  their  immunizing  power.  This 
gratifying  and  rather  surprising  result  has  been  abundantly 
confirmed,  and  points  the  way  to  a  number  of  other  allied 
problems  of  practical  importance  which  might  be  success- 
fully attacked,  especially  if  an  adequate  analysis  of  the 
chemical  reactions  concerned  should  result  from  further 
investigation. 

One  result  of  the  war  has  naturally  been  an  enormously 
increased  consumption  of  various  antitoxic  serums.  The 
concentration  of  serums  by  the  use  of  fractional  precipita- 
tion of  the  contained  proteins  by  salts  such  as  ammonium 
sulphate  has  led  to  the  preparation  of  high  titre  serums  from 
which  much  of  the  inert  material  has  been  removed.  In 
a  recent  communication  from  the  antitoxin  laboratories 
of  the  Lister  Institute  at  Elstree,  Miss  Homer-'  has  de- 
scribed a  number  of  practical  improvements  in  the 
methods  originally  developed  by  Banzhaf  and  Gibson, 
which  promises  to  make  the  method  easier  to  carry  out 
and  to  give  move  uniform  results. 

Theoretical  studies  by  Dale  and  Hartley -- on  the  rela- 
tion of  anaphylaxis  to  different  serum  proteins  offer  some 
practical  considerations.  They  show  that  each  and  all  of 
the  individual  proteins  of  a  serum  can  act  as  anaphylactic 
antigens,  and  that  the  ideal  to  be  aimed  at  in  concen- 
trating the  curative  elements  in  a  specific  immune  serum 
is  simply  the  reduction  of  the  ratio  of  total  protein  to 
antitoxic  value.  For  the  purpose  of  reducing  serum  re- 
actions the  elimination  of  albumin  appears  to  be  as 
important  as  that  of  the  euglobulin  when,  as  is  usually 
the  case,  the  pseudoglobulin  is  the  fraction  carrying  the 
therapeutic  power.  Dale  and  Hartley  find  that  the  latent 
period  of  sensitiveness  to  albumin  is  relatively  long  com- 
pared with  the  globulins,  and  this  may  have  a  bearing  on 
the  successive  crops  of  serum  rash  which  have  been 
recorded  as  following  a  single  injection  of  serum. 

Protection  against  Poisonous  Gases. 

In  closing,  reference  must  be  made  to  an  extremely 
important  branch  of  biochemical  work  about  which,  for 
obvious  reasons,  little  can  be  said.  The  introduction  of 
gas  warfare  by  an  unscrupulous  and  inhuman  foe  at  once 
led  some  of  the  ablest  chemical  and  physiological  investi- 
gators in  the  country  to  devote  their  energies  to  devising 
the  best  metliods  of  protection  against  asphyxiating  gas 
and  lachrymatory  shells.  The  ingenuity  displayed  by  the 
enemy  in  employing  every  conceivable  means  of  chemical 
attack  has  been  steadily  met  by  corresponding  improve- 
ments in  methods  of  protection.  .  These  researches,  often 
conducted  at  considerable  personal  risk,  have  presented 
problems  calling  for  rapid  solution,  which  demanded  the 
highest  grade  of  scientific  work,  and  it  is  unfortunate  that 
more  cannot  at  present  be  written  of  the  admirable  way 
in  which  these  problems  have  been  solved.  No  line  of 
scientific  endeavour  is  more  appealing  than  that  of  giving 
to  our  own  and  allied  soldiers  the  best  possible  protection 
against  this  barbaric  form  of  attack,  and  the  success  that 
has  been  attained  must  be  universally  appreciated. 
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MEDICINE    AND    THE     SEA    AFFAIR. 


INTRODUCTION. 

I.Y 

Surgeou-Geuei-al  Siu  Arthue  May,  K.C.B.,  K.H.P., 

P.R.C.S..  B.N., 
Medical  Director-General,  r.N. 
This  outline  of  the  work  of  the  medical  service  of  tlie 
Royal  Navy,  uecessarily  brief  from  the  exigencies  of 
space,  may  well  be  prefaced  with  the  satisfactory  state- 
ment that  the  health  of  the  service  afloat  has  been  excel- 
lent— better,  indeed,  than  in  times  of  peace.  This  fortunate 
result  is  due  to  several  factors:  in  the  first  place,  to  the 
efforts  of  preventive  medicine  and  hygiene,  especially  the 
improved  ventilation  of  warships  introduced  shortly  before 
the  outbreak  of  war,  a  subject  more  fully  dealt  with  on 
pp.  537-539;  in  the  second  place,  to  the  healthy  isolation 
-of  the  Grand  Fleet,  far  from  the  temptations  of  seaports; 
thirdly,  to  the  minute  precautions  taken  in  drafting  men 
from  the  shore  depots  to  the  fleet,  which  entail  due 
.quarantine  after  exposure  to  infectious  fevers;  fourthly,  to 
lectures  by  the  medical  officers  to  the  ships'  crews  dealing 
with  personal  hygiene  and  insisting  on  the  results  of 
alcoholic  excess  and  the  dangers  of  venereal  disease  ;  and, 
further,  to  the  care  taken  by  all  officers,  by  keeping  the 
men  physically  tit  by  means  of  exercise,  and  by  combating 
in  various  ways  the  effects  of  monotony  and  relative  inac- 
tivity, to  maintain  the  high  spirit  of  confidence  in  eventual 
■success. 

At  the  outbreak  of  war  the  medical  personnel  was  at 
once  expanded  by  the  mobilization  of  the  retired,  emer- 
gency, and  Voluuteer  Reserve  medical  officers,  by  the 
creation  of  a  large  number  of  temporary  surgeons  for  the 
period  of  hostilities,  and  by  the  appointment  of  about  ten 
consultants  (two  being  anaesthetists),  including  Sir 
Watson  Cheyne,  President  of  the  Royal  College  of 
Surgeons  of  England,  and  Sir  William  Maceweu,  Regius 
Professor  of  Surgery  in  Glasgow.  Rather  later  an  old 
type  of  naval  medical  officer,  the  surgeon's  mate,  was 
revived  in  the  enrolment  as  surgeon-probationers  R.N.V.R. 
of  medical  students  who  had  passed  the  examination  in 
anatomy  and  physiology,  and  who  had  begun,  but  not 
completed,  their  clinical  work.  They  were  placed  in 
torpedo-boat  destroyers  and  other  small  vessels  which 
otherwise  do  not  carry  medical  officers,  so  as  to  render 
first  aid,  and,  as  the  records  of  the  .Jutland  battle  show, 
this  trust  was  fully  justified.  The  sections  which  follow 
have  been  contributed  by  medical  officers  responsible  for  the 
subjects  dealt  with. 

MEDICINE  AND  CLINICAL  PATHOLOGY. 

BY 

Fleet  Surgeon  P.  W.  B.\ssett-Smith,  C.B.,  F.R.C.S.,  R.N., 

p  AND 

Temporary  Surgeon-General  H.  D.  Rolleston,  C.B., 
M.D.,F.R.C.P..  R.N., 
Senior  Physician.  St.  George's  Hospital. 
The  general  methods  of  diagnosis  and  treatment  are 
•naturally  the  same  in  naval  and  civil  hospitals,  and  do  not, 
therefore,  require  any  description.  The  association  between 
clinical  and  laboratory  work  is  as  close  as  in  the  metro- 
politan hospitals  with  teaching  schools  attached,  and  new 
methods  of  diagnosis  are  thus  tested  and  utilized  to  the  full. 
The  increasing  tendency  of  modern  medicine  towards 
•subdivision  and  specialization  has  been  reflected  on  the 
oavy  by  the  assignment  of  temporary  surgeons  with 
previous  experience  of  special  branches  of  their  profession, 
■such  as  ophthalmology,  neurology,  tuberculosis,  otology 
and  laryngology,  and  bacteriology,  to  the  care  of  such 
patients  and  duties.  Up-to-date  departments  for  .c-i'ay 
work,  dentistry,  massage,  and  electrical  treatment  ai'e 
attached  to  hospitals  where  the  sick-berth  staff  are 
trained  for  the  service  afloat.  The  work  of  the  labora- 
tories of  the  large  base  hospitals  was  assisted  by  the 
utilization  of  men  with  scientific  knowledge  but  without 
medical  qualifications.  The  Medical  Research  Committee 
sent  Dr.  P.  Fildes  to  Haslar  as  a  bacteriological  expert, 
and  afforded  other  facilities. 


Vaccines. 

At  the  Royal  Naval  College,  Greenwich,  there  is  a  teaching 
school  with  large  laboratories  and  research  rooms  attached, 
which  during  the  war  has  been  the  central  establishment 
for  the  preparation  of  prophylactic  vaccines  and  the  dis- 
tribution of  curative  serums  to  the  fleet,  the  naval 
service  on  shore,  and  especially  to  the  recently  established 
Royal  Naval  Division  and  the  Royal  Naval  Air  Service. 
Here,  also,  most  of  the  examinations  of  air,  water,  and  food 
for  the  service  afloat  and  the  various  shore  depots  called 
into  being  during  the  last  few  years  have  been  carried  out. 
During  the  war  more  than  2,250  bottles  of  antisepsis 
vaccine  have  been  sent  from  this  laboratory  to  the  ships 
and  fighting  forces.  This  in  1914  was  supplied  by  Sir 
Ahnrotli  Wright,  but  since  that  time  has  been  manufactured 
at  Greeuwicli  from  strains  of  pyogenic  organisms  isolated 
from  wounds  received  in  the  war.  For  prophylactic  use 
nearly  6,000  doses  of  antitetanus  serum  have  been  issued, 
mainly  to  the  Royal  Naval  Division  serving  in  Gallipoli 
and  in  France.  During  two  years  anticholera  vaccine 
for  more  than  50,000  men  was  supplied  to  the  forces 
in  the  Eastern  Mediterranean  and  Persian  Gulf,  and 
to  the  latter  a  quantity  of  plague  prophylactic  was  also 
sent.  Since  the  recognition  of  dysentery  over  2,200  doses 
of  antidysenteric  serum  have  been  dispatched  for  hospital 
use.  At  this  laboratory  and  at  Malta  the  greater  part  of 
the  antityphoid  vaccines  used  in  the  naval  service  have 
been  prepared.  The  laboratories  of  Chatham,  Haslar, 
Plymouth,  and  Malta,  in  which  routine  examinations  ot 
clinical  material  of  all  kinds  (and  also  of  milk  and  food, 
and  dressings)  are  carried  on,  have  had  a  greatly  increased 
amount  of  work  in  the  form  of  systematic  examinations, 
both  from  a  diagnostic  and  prophylactic  point  of  view,  in 
connexion  with  infectious  diseases. 

Antityphoid  inoculations  of  men  likely  to  be  exposed  to 
infection  have  been  systematically  carried  out.  In  the 
first  year  of  the  war  they  were  inoculated  with  a  typhoid 
vaccine  received  from  Sir  Almroth  Wright.  When  para- 
typhoid infections  became  prevalent,  a  triple  vaccine  was 
prepared  at  Greenwich  and  Malta  containing  the  typhoid 
organism  andbeing  multivalent  for  paratyphoid  A  and  B,  from 
strains  isolated  from  cases  in  the  Eastern  Mediterranean. 
It  contained  the  full  dose  of  the  typhoid  germ  and  half 
the  number  of  paratyphoid  .A  and  B.  A  fair  degree  of 
immunity,  as  judged  by  the  agglutination  test,  was  thus 
produced.  The  reaction  is  not  excessive  and  much  time 
and  trouble  are  saved  without  sacrificing  the  antityphoid 
immunizing  power.  With  this  more  than  40,000  men  have 
received  protective  inoculations,  and  by  this  means  the 
incidence  of  typhoid  among  enteric  cases  in  1916  was 
reduced  from  35  per  cent,  in  the  uninoculated  to  11  per 
cent,  in  the  inoculated,  or  0.7  per  cent,  of  the  total  forces 
in  the  endemic  area,  and  undoubtedly  the  severity  of  the 
disease  was  considerably  lessened  among  those  who  did 
contract  the  disease. 

Dyseyitery. 

The  Royal  Naval  Division  in  Gallipoli  in  1915  suffered, 
in  common  with  the  other  forces  on  land,  from  diarrhoea, 
dysentery,  enteric  and  obscure  fevers.  The  numerous 
convalescents  sent  to  England  were  filtered  through  the 
lar-ge  naval  hospitals  to  prevent  the  escape  of  any  dysen- 
teric or  enteric  carriers  into  the  general  population.  The 
diagnosis  on  arrival  was  confirmed  or  modified  by  the 
verdict  of  the  laboratory  based  on  bacteriological,  sero- 
logical, and  microscopic  investigations.  The  result  of 
these  numerous  routine  examinations  incidentally  threw 
light  on  the  duration  and  cour.se  of  the  agglutination 
clianges  due  to  the  influence  of  inoculation  on  the  one 
hand  and  of  definite  infection  with  the  enteric  group  of 
micro-organisms  on  the  other  hand,  and  thus  enabled  a 
more  accurate  diagnosis  to  be  arrived  at  in  any  given  case; 
but  it  was  generally  recognized  that  for  certainty  of 
diagnosis  the  culture  of  the  organism  from  the  blood, 
faeces,  or  urine  was  essential.  In  the  dysentery  group  of 
infections  the  percentage  of  entamoeba  infections  found 
was  not  very  high,  but  amongst  those  infected  there  were 
some    very  obstinate    carriers,   resistant   to   all   forms  o£ 
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emetine.  Some  vague  intestinal  symptoms  have  been 
traced  to  such  organisms  as  Morgan  I  bacillus,  and  in  one 
instance  at  least  great  benefit  was  derived  from  vaccine 
treatment  with  the  organism  isolated. 

Cerehro-sinnal  Fever. 
In  1915  cerebro  -  spinal  fever  became  epidemic  in 
England,  and 
during  the  first 
year  of  the  war 
170  cases  of 
the  disease 
occurred  in  the 
navy.  Among 
the  various  pre- 
cautions taken 
to  check  the 
spread  of  tliis 
disease,  exami- 
nation of  swabs 
from  the  naso- 
pharynx of  all 
new  entries  was 
undertaken  at 
the  beginning 
of  1916.  At 
Greenwich 
alone  5,000 
such  swabs 
were  examined 
during  tlie  first 
half  of  1916, 
and  of  4,713 
cases  of  healthy 
non-contacts  46, 
or  0.976  per 
cent.,  were 
found  to  be 
positive,  the 
diagnosis  being 
made  on  the 
morphological, 
c  u  1 1  u  ral ,  and 
agglutinative 
characters.  The 
percentage  ob- 
tain e  d  from 
contact  cases 
was  5.77.  Dur- 
ing the  winter 
of  1916-17  up 
to  February, 
over  4,000 
swabs  have 
been  examined. 
From  3,900 
non- contact 
cases  there 
were  112  posi- 
tive cases,  or 
2.8  per  cent., 
which  is  con- 
side  r  ably 
higher  than 
that  found  in 
1915-16.  These 
were  all  segre- 
gated, and  thus 
numerous  in- 
fective foci 
were  prevented 
from  spreading 
the  disease, 
which  in  this 
district  lias  kept 
at  about  the 
same     level 

as  in  the  preceding  year,  although  more  men  passed 
through  the  depot.  In  299  iu.stances  the  organisms 
isolated  were  examined  by  agglutination  tests ;  of  these 
112  were  positive  and  187  negative,  using  the  multivalent 
serum  supplied  by  Flexner  as  the  final  criterion.  The 
greater  number  were  again  tested  by  the  four  univalent 
strains  prepared  by  Mervyn   Gordon ;  of  82  so  examined 
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36  proved  to  belong  to  the  type  I,  40  to  type  II,  none  to 
type  III,  and  3  to  type  IV  ;  3  did  not  react  to  any  of 
Gordon's  serums.  In  the  subsequent  examination  of  these 
carriers  81  per  cent,  gave  no  further  evidence  of  infection, 
partly  no  doubt  as  a  result  of  the  prophylactic  measures 
employed.  During  1916,  at  the  Royal  Naval  Hospital, 
Chatham,  7,220  new  entries  were  examined,  giving  94,  or 

0.76  per  cent., 
positive  results; 
among  805  close 
contacts  there 
were  52  car- 
riers, or  6  per 
cent.,  and 
among  527  re- 
niote  contacts 
6  carriers.  At 
the  Royal  Naval 
Hospital,  Has- 
lar,  among  5,000 
new  entries  ex- 
amined during 
January  and 
February,  1917, 
there  were  316, 
or  6.3  per 
cent.,  carriers; 
whereas  among 
2,022  new  en- 
tries examined 
rather  later 
during  1916 — 
namely,  in  the 
spring  —  there 
were  no  posi- 
tive carriers. 
This  c  o  r  r  e- 
sponds  with  the 
ohservations  at 
Greenwich,  and 
suggests  an 
"epidemic  of 
carriers."  At 
the  Royal  Naval 
Hospital,  Ply- 
mouth, among 
5,220  new  en- 
tries examined 
during  1916 
there  were  117, 
or  2.2  per  cent., 
carriers,  and 
among  723  con- 
tacts 144,  or 
19.9  per  cent., 
carriers. 

By  means  of 
this  systematic 
examination  of 
new  entries 
from  outside 
districts  the 
detection  and 
segregation  of 
carriers  have 
been  very 
thorough.  Dur- 
ing the  second 
year  of  the  war 
the  number  of 
cases  of  cerebro- 
spinal fever  in 
the  navy  de- 
clined to  104, 
although  the 
total  strength 
had  greatly, 
increased.  This  fall  in  the  incidence  of  the  disease, 
whether  entirely  correlated  with  the  coincident  diminu- 
tion in  the  cases  of  cerebro-spinal  fever  in  the  civil 
and  military  population,  or  due  to  prophylactic  measures 
(quarantine  of  drafts,  examination  of  contacts  and  new 
entries),  is  eminently  satisfactory,  especially  as  out  of 
these  274  cases  of  cerebrospinal  fever  in  the  navy  during 
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the  first  two  years  of  the  war  22,  or  8  per  cent,  only, 
occurred  in  seagoiug  ships.  In  the  seconcl  year  of  the 
war  tlie  serum  treatment,  which  hail  proved  to  bo  a  taihire 
in  the  previous  year,  was  sueecssful ;  2,500  doses  were 
issued  from  Greenwich,  and  tlio  mortaUty  fell  17  per  cent., 
to  36  per  cent,  of  all  cases.  This  may  be  largely  ascribed 
to  the  use  of  Flexner's  multivalent  meningococcic  serum 
generously  supplied  gratuitously  by  the  Koekefeller  Insti- 
tute, New  York,  and  of  Mcrvyu  Gordon's  various  serums, 
wliich  were  not  available  during  the  first  year  of  the  war. 
A  number  of  cases  clinically  suggesting  cerebrospinal 
fever  (meningismus)  occurred,  but  no  confirmation  could 
be  obtained  by  laboratory  methods.  The  cerebrospinal 
fiuid  was  clear,  though  under  increased  pressure.  No 
organisms  were  observed  microscopically  or  by  culture, 
and  the  blood  did  not  contain  any  antibodies  to  any 
meningococcic  strains. 

Venereal  Disease. 
In  the  treatment  of  venereal  disease,  which  is  more  in 
evidence  than  in  most  general  civil  hospitals,  the  essential 
intimate  association  of  clinical  and  laboratory  work  is  well 
organized.  The  diagnosis  of  syphilis  by  the  microscopical 
detection  of  the  spirochaete  in  the  initial  lesion,  by  the 
Wassermanu  reaction  of  the  blood  in  the  later  stages,  and 
by  the  cytological  examination  and  the  AVassermann 
reaction  of  the  cerebro-spinal  fluid  in  luetic  lesions  of  the 
central  nervous  system  is  an  established  routine  in  the 
larger  hospitals  and  laboratories,  and  the  treatment  by 
intravenous  injection  of  arsenical  compounds  is  universally 
controlled  by  the  examination  of  the  urine  for  arsenic. 
During  1916  the  total  number  of  Wassermann  tests  made 
was  16,766;  at  Haslar  alone  during  that  year  1.833  injec- 
tions of  arsenical  compounds  were  given  for  syphilis ; 
kharsivan  was  given  on  1,522  occasions,  galyl  55,  and 
novo-arseno-billon  256  times. 

Protozoal  Infections. 
As  a  result  of  the  large  number  of  men  serving  in 
tropical  and  subtropical  regions  protozoal  infections  have 
been  frequent.  These  areas  of  active  operations  may  be 
divided  into  three — (1)  the  Eastern  Mediterranean  and 
Mesopotamia,  (2)  East  Africa,  and  (5)  West  Africa. 

1.  In  the  Mediterranean  area  malarial  fevers  have  been 
most  abundant  around  Salonica  where  low-lying  swampy 
ground  has  been  chiefly  occupied ;  the  disease  has  been 
very  severe,  and  mostly  of  the  malignant  form  caused  by 
the  P.  falciparum,  and  the  clinical  aspect  has  not  infre- 
quently suggested  enteric,  dysentery,  or  sunstroke.  As 
the  infection  is  unfortunately  very  resistant  to  quinine,  the 
most  important  prophylactic  measures  are  the  destruction 
of  mosquitos  by  drainage  and  other  methods.  The  largest 
number  of  cases  in  the  navy  occurred  among  the  Royal 
Naval  Air  Service  who  live  on  shore.  In  the  Gallipoli 
area  malaria  was  not  common,  but  short  fevers  of  the 
dengue  or  sand-fly  type,  often  described  as  "  Mediter- 
ranean dengue,"  were  very  frequent.  The  knowledge  that 
sand-flies  are  so  often  the  infective  agent  has  enlarged  the 
scope  of  preventive  measures,  and  a  great  reduction  of 
these  fevers  may  be  expected  in  the  future.  Incidentally 
it  is  noteworthy  that  the  prophylactic  measures  strictly 
enforced  against  nndulant  fever  have  practically  eliminated 
this  disease,  which  ten  years  ago  would  have  filled  the 
Mediterranean  hospitals.  This  result  emphasizes  the 
value  of  the  work  done  by  a  well- organized  scientific 
Commission  and  of  the  practical  application  of  its  recom- 
mendations. The  occurrence  of  many  cases  of  beriberi 
in  the  forces  in  this  area  proves  the  importance  of  an 
extended  study  of  the  food  question  and  other  factors 
concerned  in  such  deficiency  diseases. 

2.  In  East  Africa  the  necessity  of  thorough  measures  in 
he  prophylactic  issue  of  quinine  is  most  important,  as  the 

prevailing  type  of  fever  is  best  controlled  by  this  drug, 
which  should  be  given  both  before  and  during  the  whole 
period  that  men  are  employed  in  the  endemic  area. 

3.  In  West  Africa,  particularly  in  the  Cameroon  area, 
the  varieties  and  frequency  of  protozoal  and  filarial 
diseases  have  been  very  noticeable,  and  prophylactic 
measures  against  them  are  therefore  essential.  Of  malaria, 
which  is  very  common,  two  types  are  constantly  present, 
quartan  and  subtertian,  the  double  infection  being  almost 
always  found  in  the  same  case,  frequently  associated  with 
Calabar  swellings  and  tilariae  in  the  blood.      In  this  region 
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tsetse  flies  are  abundant  and  trypanosome  infections  have 
occurred  in  Europeans.  Early  search  for  these  parasites 
is,  therefore,  most  necessary,  and  appropriate  treatment 
should  be  given  as  soon  as  possible.  A  case  now  at  Green- 
wich of  over  eighteen  months'  duration  shows  how  per- 
sistent treatment  can  control  the  disease,  for  there  are 
practically  no  symptoms,  although  the  parasite  is  patho- 
genic to  white  rats  in  eighteen  days.  The  occurrence 
of  mixed  blood  infections  should  therefore  be  suspected  ; 
benign  and  malignant  malaria  with  trypanosomes  or  tilariae 
have  been  found  together,  always  associated  with  a  high 
eosinophilia  (uj)  to  50  per  cent.).  The  quartan  malarial 
parasite  is  most  difficult  to  eradicate  and  is  very  resistant 
to  arsenic,  recurring  in  the  blood  of  those  with  trypano- 
some infections  after  a  year's  treatment  with  intravenous 
and  intramuscular  injections  of  antimony  and  arsenic. 

No  case  of  small-pox  has  been  recorded  in  the  navy 
during  the  period  of  the  war,  thus  pioving  the  value  of 
vaccination,  which  has  been  compulsory  since  about  1858. 


SURGEKY. 


Deputy   Surgeon-General  W.  G.  Axford,  R.N., 

AND 

Temporary  Surgeon-General  G.  Lenthal  Che.\tle,  C.V.O., 

C.B..  F.R.C.S.,  R.N. 
Surgt'ou,  King's  College  Hospital. 

The  equipment  of  naval  hospitals  and  their  treatment  of 
the  wounded  are  on  the  same  lines  as  in  the  best  British 
and  Coutiueutal  institutions.  If  Haslar  be  taken  as  an 
exarjiple,  the  critical  visitor  would  .see  that  all  cases  of 
bacteriological  importance  are  diagnosed  and  treated  in 
association  with  a  perfectly  equipped  laboratory,  in  which 
discharges  are  stained,  cultures  are  made  from  blood  and 
wound  discbarges,  vaccines  are  prepared,  and  sections  are 
cut  of  tissues  removed  from  the  body  for  the  purpose  of 
microscopical  examination.  Hence  it  is  needless  to  point 
out  further  how  great  is  the  importance  attached  to  the 
relation  between  the  laboratory  and  the  treatment  of 
surgical  disease  in  this  hospital. 

Treaiment  of  Wounds  Beceived  in  War. 

The  whole  question  of  aseptic  and  antiseptic  treatment 
has  been  revised  and  judgements  passed  upon  the  difl^erent 
methods  of  accomplishing  each  branch.  On  the  whole, 
authorities  are  not  satisfied  with  the  aseptic  treatment 
of  these  wouuds.  Although  it  appears  successful  in  some 
cases,  it  fails  too  often  in  others  to  encourage  its  general 
use.  The  hypertonic  salt  solution  has  been  given  complete 
trial,  with  the  result  just  stated.  Wounds  undergoing  this 
treatment  are  liable  to  secondary  or  mixed  infections.  At 
one  time  the  wounds  in  one  of  the  wards  at  Haslar  became 
secondarily  infected  with  B.  2}yoci/anens  :  the  appearance 
of  this  micro-organism  was  at  once  detected,  and  it  soon 
disappeared  by  substituting  the  antiseptic  for  the  aseptic 
method.  Secondary  infections  very  rarely  occur  in  efficient 
autiseptic  treatment. 

In  the  early  part  of  the  war  an  investigation  was  carried 
out  in  the  laboratories  of  Greenwich  and  Chatham  Hos- 
pitals as  to  the  best  methods  of  treating  war  wounds  with 
various  antiseptics.'  The  real  problem  was  to  find  a 
difl'usible  substance  which  could  be  applied  at,  or  as 
shortly  as  possible  after,  the  time  of  infliction,  and  which 
would  inhibit  bacterial  growth  until  thorough  disinfection 
and  cleansing  could  be  effected  at  a  field  hospital.  Of  the 
various  substances  tested,  cresol  and  salicylic  acid  pro- 
duced the  best  results,  and  appeared  to  be  the  most  useful 
for  the  purpo.se  reijuired.  A  cresol  paste  (20  per  cent,  in 
lanolin  and  wax  base)  and  a  powder  containing  equal  parts 
of  boric  and  salicylic  acids  ("borsal")  were  introduced. 
These  had  given  excellent  results  in  laboratory  infections, 
but  met  with  less  success  in  cases  from  the  front,  on 
account  of  the  difficulties  of  time  and  places  incident  to 
war  conditions.  Successful  cases  have  been  reported  from 
the  Gallipoli  campaign  in  which  the  treatment  was 
adopted,  severe  gunshot  and  shell  wounds  remaining  free 
from  suppuration  and  healing  readily.'-  That  a  cresol  or 
carbolic  acid  paste  is  a  valuable  treatment  for  wounds  on 
board  ship  is  shown  in  a  report  on  various  cases  so  treated 
in  a  battleship,''  and  wounds,  including  compound  frac- 
tures, treated  in  Chatham  Hospital  by  carbolic  acid 
cleansing  and  liberal  introduction  of  cresol  paste  healed 
well  without  suppuration. 
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At  Haslai-  a  "  green  spray  "  composed  of  equal  parts  of 
2  per  cent,  malachite  greeu  dissolved  in  80  per  cent, 
rectified  spirit  and  water,  and  2  per  cent,  perchloride  of 
mercury  dissolved  in  80  per  cent,  rectified  spirit  and 
water,  has  proved  satisfactory.  It  is  advisable  to  keep  the 
two  solutions  separate,  unless  the  antiseptic  mixture  is  in 
constant  use.  The  mixture  contains  1  per  cent,  each  of 
malachite  greeu  and  mercuric  chloride  in  the  form  of  a 
■compound — C.>;,H.,,5N2C1,  (Micklethwait) — each  molecule  of 
■malachite  green  combining  ■s\-ith  two  of  mercury.  The 
compound  is  easily  dissociated,  and  when  it  comes  in  con- 
tact with  the  tissues  probably  forms  an  albuminate  of 
mercury  and  an  albuminate  of  malachite  green.  The 
malachite  green  is  reduced  by  living  tissues  to  the  leuco- 
compound,  and  therefore  becomes  invisible  in  a  wound 
but  still  maintains  its  activity.  Sloughs  and  necrosed 
tissues  do  not  reduce  the  stain.  The  albuminate  of 
mercury  remains  in  the  wounds  as  a  depot,  and  is  slowly 
dissolved  by  the  exudates,  and  then  exerts  its  antiseptic 
action.  The  bacteriological  work  on  which  the  use  of  this 
compound  is  based  and  satisfactory  clinical  results  were 
published  in  1915.^  The  mixture  is  non- toxic  and  can 
be  applied  to  mucous  membrane.  It  is  a  trustworthy 
germicide  for  sterilizing  the  skin  before  operations,  and  is 
applied  by  means  of  a  spray.  As  it  stains  the  skin  green 
the  area  so  treated  is  clearly  marked  out.  When  applied 
to  septic  wounds  it  practically  stops  secondary  infection 
and  steadily  diminishes  the  number  of  pre-existing  micro- 
organisms. Its  value  has  also  been  proved  iii  osteo- 
myelitis, septic  compound  fractures,  burns,  ulcers,  boils, 
and  carbuncles. 

The  treatment  of  infected  war  wounds  by  physiological 
methods  was  inaugurated  by  Colonel  Sir  Almroth  Wright, 
who  introduced  the  physiological  saline  solution  (0.85  per 
cent,  sodium  chloride)  and  the  hypertonic  solution  con- 
taining 5  per  cent,  of  the  salt.  He  argues  that  the  hyper- 
tonic solution  inhibits  and  arrests  bacterial  growth,  pro- 
duces a  lymphagogic  action,  and  sets  free  a  tryptic  ferment 
for  the  digestive  cleansing  of  the  wound.  Dressings 
should  be  applied  warm,  very  wet,  and  covered  with  an 
impermeable  tissue.  If  the  position  of  the  wound  render 
it  practicable,  immersion  in  a  5  per  cent,  saline  bath  is  the 
best  procedure.  Tlie  bath  should  be  intermittent  to  allow 
of  the  alternating  lymphagogic  and  digestive  cleansing 
action.  Normal  saline  dressing  is  used  in  the  intervals. 
Extensive  lacerated  wounds  with  fracture  caused  by  shell 
or  bomb  have  more  recently  been  packed  with  salt  tablets 
■svrapped  in  gauze  folds,  the  whole  being  covered  with 
jaconet.  This  dressing,  which  usually  causes  pain  for 
some  hours,  can  be  left  for  two  or  three  days  provided  the 
outer  covering  is  moist  with  discharge,  showing  that  lymph 
flow  is  active. 

The  use  of  hypochlorous  acid  as  an  antiseptic  has  come 
into  prominence  during  the  war,  and  chiefly  in  the  form  of 
eusol — a  solution  containing  approximately  0.5  per  cent,  of 
the  acid— has  been  extensively  employed  in  naval  hospitals. 
It  is  a  pow-erful  germicidal  agent  as  proved  by  laboratory 
experiments,  is  non-toxic  to  the  tissues,  and  being  gaseous 
penetrates  deeply  to  all  parts  of  the  wound.  The  solution 
of  hypochlorite  of  sodium,  0.5  to  0.6  per  cent.,  introduced 
by  Dakin  and  Carrel  is  also  in  use  together  with  the 
special  method  of  injection  tubes  and  light  gauze  packing 
to  ensure  contact  of  the  fluid  with  the  whole  surface  of 
the  wound.  Good  results  have  been  obtained  from  this 
treatment,  the  wounds  cleaning  quickly  and  a  healthy 
granulating  action  appears.  If  employed  for  a  long 
period  both  solutions  have  in  a  few  cases  produced 
oedema  and  irritation  of  skin.  This  can  be  prevented 
by  vaseline  smears. 

The  clinical  results  obtained  by  the  use  of  a  bisnmth, 
iodoform,  and  paraffin  paste  ^  in  septic  wounds,  including 
compound  fractures,  has  led  to  its  employment  in  the  naval 
hospitals  with  encouraging  results.  Though  a  less  powerful 
and  less  soluble  antiseptic  agent  than  the  hypochlorites, 
observation  has  shown  that  it  maintains  a  continuous 
antiseptic  action  in  the  wound.  It  excites  a  free  exuda- 
tion of  serum,  and  granulation  tissue  grows  freely  in 
contact  with  it.  The  wound  after  thorough  cleansing  is 
swabbed  with  ether  or  rectified  .spirit,  a  little  of  the  paste 
is  rubbed  into  the  tissues,  a  thin  layer  being  left  in  the 
deeper  parts,  and  a  gauze  dressing  applied.  The  dressing 
can  be  left  on  and  the  wound  undisturbed  for  seven  days 
or  longer.  This  is  an  advantage,  especially  in  compound 
fractures ;  it  saves   labour,  dressings,  and   much   distress 


to  patients.  Drainage  tubes  are  not  required,  as  the  caste 
does  not  prevent  the  escape  of  discharge.  The"  con- 
stituents are  toxic  if  freely  absorbed  ;  the  quantity  used, 
therefore,  should  not  exceed  two  drachms. 

At  Haslar  successful  drainage  of  wounds  has  been 
obtained  with  a  four-way  drainage  rubber  staff,  which  in 
transverse  section  is  a  cross."  It  overcomes  the  accumula- 
tion of  discharge  which  occurs  in  a  tube  if  the  opening 
bo  not  dependent.  When  using  the  four- way  staff  the 
pressure  exerted  by  the  contraction  of  surrounding  tissues 
is  directed  upon  the  discharges,  which  are  forced  out. 
With  regard  to  the  dressing  applied  to  septic  wounds 
generally,  constant  and  repeated  change  is  always  the 
practice. 

-  Burns. 
Hitherto  picric  acid  as  a  first  dressing  has  been  un- 
rivalled, and  septic  burns  treated  by  hot  saline  baths  and 
boric  fomentations,  followed  by  a  mildly  antiseptic  oint 
ment  of  soft  consistence,  have  healed  readily  and  well. 
iMedeoin-major  Barthe  de  Sandfort's  "anibrine"  treatment 
(vide  p.  540)  is  now  under  trial. 


Equipment. 

For  the  treatment  of  the  after  effects  of  severe  injuries 
such  as  stift'  joints,  atrophied  musculature,  and  nerve 
lesions,  the  naval  hospitals  are  fully  equipped.  Surgical 
gymnasiums  have  been  established  and  fitted  with  medico- 
mechanical  apparatus  to  aid  in  the  restoration  of  articular 
and  muscular  function.  The  forms  of  apparatus  were 
designed  to  carry  out  by  mechanical  means  the  various 
movements  and  manipulations  of  the  Swedish  system  of 
physical  exercises,  and  include  a  combination  weight  and 
pulley  apparatus — stationary  bicycle — apparatus  for  foot 
circumduction,  knee  and  foot  flexion  and  extension,  elbow 
pendulum  with  shoulder  extension,  frictioual  wrist 
machine,  finger  machine,  shoulder  circling  movements, 
etc.  The  machinery  can  be  set  at  any  desired  resistance 
by  the  aid  of  graduated  levers  and  adjustable  weights. 
For  impaired  articular  movement  radiant  heat  treatment 
(solarium  bath)  is  also  employed.  Electrically  the  inter- 
rupted and  continuous  current  in  its  various  forms  is  in 
use,  as  well  as  the  high  frequency  current,  including  dia- 
thermy. The  system  of  testing  muscle  reaction  by  con^ 
denser  discharges  has  been  adopted.  Ionization  is  prac- 
tised extensively  in  a  great  number  of  injuries,  and  has 
been  found  particularly  useful  in  obstinate  healing  wounds 
and  in  relaxing  scar  tissue.  An  excellent  and  complete 
.f-ray  apparatus  is  in  use,  with  improved  means  for  the 
localization  of  foreign  bodies.  All  of  the  most  recently 
invented  splints  are  also  available.  Hey  Groves's  instru- 
ments for  inducing  and  maintaining  correct  adjustments 
in  fractured  bones  are  in  use. 

The  Wildey  hypodermic  syringe,  designed  by  Deputy 
Surgeon-General  A.  G.  AVildey,  K.N.,  has  been  used  with 
great  satisfaction  both  in  naval  actions  and  in  the  field.  The 
syringe  with  needle  fixed  is  fitted  into  a  metal  sheath  with 
safety-pin  attachment  by  which  it  can  be  fastened  to  tlie 
coat  and  thus  be  readilj'  available  at  any  moment.  The 
sheath,  which  can  be  quickly  removed  and  replaced, 
protects  it  from  dust  and  dirt.  A  spare  needle  fits  neatly 
into  the  hollow  piston.  The  syringe  is  used  in  conjunction 
with  a  solution  bottle  fitted  witli  rubber  cap,  through 
which  the  needle  is  passed  and  the  syringe  rapidly 
charged. 

The  assistance  afforded  by  accurately  applied  pressure 
in  tourniquet  work  is  shown  by  a  metal  tourniquet  designed 
in  Haslar."  The  freedom  and  simplicity  with  which  its 
pressure  can  be  increased  or  diminished  with  delicacy 
should  encourage  a  more  constant  use  of  the  tourniquet 
without  fear  of  damage  to  tissues  or  of  oozing  of  blood 
after  the  operations.  Its  advantages  are  best  displayed 
during  operations  upon  cases  of  traumatic  aneurysm, 
aneurysmal  varix,  and  varicose  aneur-ysms.  A  rubber 
tourniquet  is  difficult  to  apply  and  remove,  and  when 
applied  its  pressure  is  greater  than  required  and  main- 
tained longer  than  necessary.  These  drawbacks  are 
abolished  by  the  use  of  this  new  metal  tourniquet. 
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HYGIENE. 

By  Fleet  Surgeou  H.  C.  Munday,  K.N. 
Just  as  the  fighting  service  of  the  navy  was  fountl,  at 
tbe  outbreak  of  war,  prepared  at  all  points  for  any 
emergency,  so  also  the  medical  service  of  the  navy  stood 
equipped  with  every  weapon  that  modern  sanitary  science 
could  suggest.  In  August,  1914,  many  eminent  combatant 
naval  officers  were  of  opinion  that  the  numerous  and  far- 
reaching  precautions  for  safeguarding  and  fostering  the 
health  of  the  personnel  would  to  a  great  extent  have  to  be 
abandoned  in  the  face  of  the  pressing  exigencies  of  modern 
warfare.  It  was  also  generally  thought  that  the  war 
would  probably  be  of  short  duration,  and  that  many  con- 
ditions of  life  which,  if  long  continued,  would  be  detri- 
mental to  health,  could  and  indeed  must  be  endured  for 
a,  few  mouths.  The  Director-treneral  of  the  Naval  Medical 
Department,  however,  has  from  the  outset  always  main- 
tained that  the  objects  to  be  kept  constantly  in  view  are  to 
keep  as  many  officers  and  men  as  possible  in  the  highest 
state  of  fighting  efficiency,  and  to  reduce  the  loss  of  service 
from  sickness  to  a  minimum.  It  was  evident  also  that 
the  means  to  this  end  were  constant  supervision  of  the 
•daily  life  of  the  personnel  and  the  continuous  adoption 
in  practice  of  measures  born  of  modern  research.  As  a 
result  of  this  doctrine,  the  war,  instead  of  producing  a 
reduction  or  relaxation  of  the  requirements  of  modern 
•sanitation,  brought  with  it  a  great  speeding  up  of  hygienic 
vigilance,  together  with  progressive  improvement  in  the 
appliances  and  apparatus  employed  in  preventive  medicine 
throughout  the  naval  service,  not  only  afloat  but  also  in 
our  many  shore  establishments.  Combatant  officers  and 
local  administrators  who  were  at  first  sceptical  of  or  even 
strongly  opposed  to  activity  in  such  directions  have  come 
to  see  the  military  advantages  accruing  therefrom,  and 
now  demand  the  maintenance  of  a  high  standard  of 
hygiene.  That  success,  beyond  anything  the  most 
optimistic  prophet  could  have  foretold,  has  attended  the 
efforts  made  by  the  Naval  Medical  Service  is  evident  from 
the  extraordinarily  small  loss  of  service  from  sickness  in 
the  navy,  in  the  dockyards,  and  in  the  Admiralty  munition 
factories ;  moreover,  the  well  established  fighting  efficiency 
of  our  sailors  and  aviators  points  in  the  same  direction. 


Venfilation. 

The  improvements  in  our  warships  siuce  hostilities 
commenced  are  perhaps  more  pronounced  in  the  matter 
of  ventilation  than  in  any  other  branch  of  hygiene.  These 
improvements  are  the  outcome  of  recommendations  made 
by  a  committee  appointed  by  the  Admiralty  at  the  end  of 
1912  to  investigate  and  report  on  the  best  methods  of 
ventilating  modern  warships.  The  Admiralty  were  moved 
to  this  step  by  certain  observations  recorded  at  a  series  of 
conferences  of  naval  and  civilian  medical  men  summoned 
in  1910  to  consider  and  report  on  the  causes  and  effects  of 
tuberculosis  in  the  navy. 

In  March,  1913,  a  First  Interim  Report  was  submitted 
by  the  Committee  to  the  Admiralty,  making  certain 
urgent  recommendations  of  a  constructional  nature  ;  and 
as  a  result  of  these  representations  a  definite  minimum 
standard — 200  cub.  ft. — of  individual  cubic  space  for 
sleeping  places  was  laid  down,  and  a  uniform  minimum 
fan  supply  of  3,000  cub.  ft.  of  air  per  hour  per  man 
was  arranged  for  all  sleeping  and  all  ordinary  working 
and  living  spaces.  The  position  of  various  ventilators 
on  the  weather  deck  was  so  arranged  as  to  ensure  a 
continuous  supply  of  pure  air  under  all  conditions  of 
weather  and  sea.  The  undesirable  position  also  of  cer- 
tain alternative  intakes  between  decks  was  abolished  and 
methods  of  improvement  in  this  respect  were  inaugurated. 
The  Committee  considered  that  a  powerful  exhaust  effect 
from  the  engine  room  and  stokehold  ventilation  was 
available  for  use  on  the  mess  decks  when  required ;  but 
as  a  general  rule  they  strongly  recommended,  and  the 
-•Admiralty  adopted,  the  plenum  system  combined  with 
natural  exhaust  for  living  spaces,  and  the  fan  exhaust 
system  with  natural  supply  for  spaces  in  which  are 
generated  disagreeable  odours,  great  heat,  water  vapour, 
or  deleterious  gases ;  but  it  was  specifically  stated  that  no 
fan  supply  should  be  fitted  for  the  ventilation  of  such 
places.  Silent-running  fans,  means  for  avoidance  of 
draughts,  arrangements  for  accessibility  of  the  interior  of 
air  trunks  for  cleaning  purposes,  and  the  fine  adjustment 


of,  and  protection  from  unauthorized  tamjjcring  with,  air- 
warming  appliances  are  now  fitted  in  all  new  ships. 
Formerly  improvement  in  the  ventilation  and  drainage  of 
bathrooms  was  urgently  needed,  and  at  the  suggestion  of 
the  Committee  special  innovations  were  introduced  by 
which  the  atmosphere  in  these  places  was  rendered  purer 
and  at  the  same  time  prevented  from  pervading  the  living 
spaces.  Lastly,  the  inadequate  electric  lighting  of  mid- 
shipmen's studies  and  of  departmental  offices  was  cor- 
rected, a  3  ft.  candle  illumination  on  the  desks  being  so 
arranged  that  the  light  passes  over  the  loft  shoulder  of 
the  person  reading  or  writing;  now  also  offices  in  which 
persons  are  working  most  of  the  day  are  placed  where 
natural  light  and  ventilation  are  available.  Not  only  did 
the  Admiralty  order  the  recommendations  to  be  embodied 
in  the  designs  of  all  new  ships,  but  they  also  gave  instruc- 
tions that  so  far  as  was  feasible  completed  ships  should  be 
brought  into  line  with  the  Committee's  pronouncements, 
and  during  the  war,  as  the  older  ships  have  come  into 
dockyard  hands  for  a  refit,  their  ventilation  and  sanitation 
has  been  brought  up  to  date. 

In  April,  1913,  a  Second  Interim  Report  was  published, 
dealing  chiefly  with  administrative  matters,  and  in  accord- 
ance with  the  Committee's  suggestions  a  senior  medical 
officer  was  appointed  as  an  additional  member  of  the  staff 
of  the  Medical  Director- General  to  assist  the  Director  of 
Naval  Construction  in  the  consideration  of  all  plans  and 
details  of  fittings  in  connexion  with  ventilation  and  hygiene 
of  ships  building,  all  such  plans  being  referred  to  the 
Medical  Director- General's  department  for  that  purpose 
before  final  approval  was  given.  This  medical  officer  was 
also  placed  at  the  disposal  of  the  Director  of  Naval  Equip- 
ment in  the  event  of  his  requiring  expert  advice  on  any 
point  of  naval  hygiene,  and  the  former  now  inspects  the 
hygienic  arrangements,  including  ventilation,  in  ships 
building  as  they  approach  completion,  so  as  to  avoid  as 
far  as  possible  any  necessary  alterations  when  the  ships 
are  completed  ;  he  also  co-operates  with  the  above  depart- 
ments in  dealing  with  proposed  alterations  and  improve- 
ments in  the  ventilation  and  sanitation  of  ships  already 
built. 

Further,  there  is  on  board  every  ship  one  commissioned 
officer  responsible  to  the  captain  for  the  general  supervision 
and  the  best  use  of  the  means  available  for  the  ventilation 
of  the  ship  ;  and  whether,  in  every  case,  the  senior  medical 
officer  be  actually  employed  on  this  duty  or  not  he  is  at 
least  always  in  close  touch  with  the  officer  detailed  for  it, 
and  is  now  recognized  as  the  official  expert  on  matters  of 
ventilation  and  hygiene  generally.  Moreover,  every  ship 
now  has  a  well-organized  ventilation  party  for  the  manage- 
ment of  the  ventilation  appliances  under  the  orders  of  the 
ventilation  officer.  The  medical  officers  also  give  lectures 
on  board  ship  to  officers  and  men  on  elementary  hygiene, 
with  especial  reference  to  ventilation  ;  assistant  construc- 
tors going  through  a  course  at  Greenwich  College  attend 
the  lectures  on  naval  hygiene  given  at  the  medical  school 
there,  and  medical  officers  under  instruction  at  Greenwich 
are  taught  the  construction  of  fans,  how  to  read  plans  of 
ventilation,  and  the  considerations  governing  the  volume 
and  velocity  of  air  passing  through  trunks,  ducts,  etc. 

As  affording  a  good  index  of  the  efficiency  of  the  means 
of  ventilation,  regular  observations  of  wet  and  dry  bulb 
temperatures  in  living  and  working  spaces  are  made  by 
medical  officers  afloat,  and  samples  of  air  are  taken  in 
compartments  where  the  ventilation  seems  unsatisfactory. 
These  samples  are  sent  to  Crreenwich  College  for  anal3'sis 
and  report  in  duplicate,  one  copy  being  forwarded  to  the 
ship  and  the  other  to  the  Medical  Department  for  the  in- 
formation of  the  Director-General,  and  to  enable  him  to 
keep  in  touch  with  the  requirements  of  ship  ventilation. 
Every  ship  also  now  submits  a  quarterly  report,  signed  by 
the  captain,  showing  what  means  of  ventilation  and 
warming  have  been  in  use,  the  extent  of  the  supervision 
exercised,  records  of  wet  and  dry  bulb  temperatures  taken 
in  living  spaces,  and  results  of  analyses  of  air.  together 
with  any  recommendations  for  improvement. 

The  Final  Report  of  the  Ventilation  Committee  was 
issued  in  March,  1914,  and  contained  inter  alia  a  proposal 
for  a  new  system  of  trunking,  devised,  after  a  long  series 
of  experiments  at  Portsmouth  Dockyard,  to  overcome  the 
disadvantages  of  previous  systems  by  which  intolerable 
draughts  were  produced  and  air  and  warmth  were  dis- 
tributed in  a  most  uneven  manner  throughout  the  living 
spaces. 
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The  principle  of  the  new  system  which  has  now  been 
adopted  in  onr  most  recent  battleships  and  cruisers  is  that 
by  means  of  an  adjusted  deflector  projecting  into  the  air 
duct  a  limited  flow  of  air  is  directed  into  a  large  number 
of  outlet  gratings. 

It  was  found  that  with  a  suitable  but  very  simple  and  inex- 
pensive form  of  grating  the  air  passes  out  through  it  with  a 
fairly  uniforin  velocity  at  all  parts.  As,  however,  the  area  of 
the  grating  is  consideral)le  iu  proportion  to  the  air  allowed  to 
issue  through  it,  the  velocity  of  the  issuing  air  is  low,  and  no 
unpleasant  draught  is  perceptible  at  more  than  a  foot  away 
even  when  100  cubic  feet  of  air  a  minute  are  issuing  from 
a  grating  of  18  by  6  inches.  The  grating  is  made  of  expanded 
steel,  and  it  was  found  that  a  three-eigliths  of  an  inch  mesh 
placed  so  that  its  direction  tended  to  deflect  tlie  air  at  right 
angles  to  the  trunk  thus  : 


WtWitt^H 
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produced  the  best  eftect  at  a  minimum  of  cost  and  weight.  An 
endeavour  was  then  made  by  varying  the  curvature  of  the 
deflector  to  obviate  the  inecjuality  of  distribution  over  the  face 
of  the  grating,  and  experiments  were  made  with  deflectors  : 


a)  Concave,  thus : 


(!))  Straight,  thus  : 


((■)  Convex,  thus  : 

The  distribution  of  the  air  was  found  to  be  a  function  of 
(1)  the  velocity  of  the  air  in  the  truuk  flowing  past  the 
deflector;  (2)  tlie  amount  of  opening  of  the  deflector;  (3j  the 
shape  of  tlie  deflector. 

On  the  whole,  the  straight  deflector  pi'oved  to  be  the  most 
satisfactory  and  was  adopted  iu  all  subsequent  experiments; 
and  for  gratings  in  the  proximal  end  of  the  trunk  nearest  to  the 
fan,  where  the  velocities  are  high  and  the  angle  of  opening  of 
the  deflector  small,  the  straightness  and  truth  of  the  deflector 
is  of  great  importance. 

As  each  deflector  takes  oft  a  portion  of  the  air  flowing  along 
a  uniform  trunk  the  velocity  of  air  flow  in  the  trunk  beyond 
is  correspondingly  diminished  ;  and  since  frictional  resistance 
varies  as  the  square  of  the  velocity,  there  is  a  very  marked 
reduction  in  frictional  resistance.  So  important  is  this  eftect, 
that  it  was  found  that  with  a  sufficient  number  of  deflectors 
and  gratings  distributed  along  the  sides  of  a  uniform  trunk  of 
sufficient  length  the  volume  of  air  delivered  was  93  per  cent, 
of  the  delivery  when  no  trunk  at  all  was  connected  with  the 
delivery  side  of  the  fan,  there  being,  however,  a  truuk  of  about 
the  ordinary  length  and  size  on  the  intake  siile,  as  would 
always  be  the  case  in  a  ship. 

The  deflectors  themselves  cause  no  material  resistance. 
There  is  no  difficulty  in  flxiug  them  so  that  each  gives 
practically  the  same  delivery  of  air.  a  simple  formula  having 
been  found  by  means  of  which  this  can  be  done  without  actual 
trial.  The  deflectors  remote  from  the  fan,  where  the  velocity 
and  pressure  of  the  air  in  the  truuk  are  small,  require,  of 
course,  to  be  much  more  widely  open  than  those  close  to  the 
fan.  Suppose  the  number  of  deflectors  in  a  trunk  is  N,  then 
the     amount     of     opening     of     the     Rth     deflector    will     be 

— — 5- multiplied   bv   the   width   of    the    trunk ;  thus,    for 

N -R  +  1  ^  • 

example,  the  last  must  be  full  open,  the  last  but  one  half  open, 
and  so  on. 

In  a  new  ship  the  deflectors  are  first  adjusted  in 
accordance  with  the  above  formula,  and  then  with  the  fan 
running  under  ordinary  conditions  each  delivery  opening 
is  examined  to  see  whether  the  velocity  of  air  current  is 
approximately  the  same  at  any  portion  of  the  trunk 
proximal  or  distal,  and  the  deflectors  are  adjusted  until 
this  has  been  attained  ;  but  once  equality  of  velocity  has 
been  secured  the  deflectors  should  be  permanently  fixed  so 
that  unauthorized  persons  shall  not  tamper  with  them  and 
cause  too  great  a  draught  in  one  place  and  a  lack  of  air  in 
another. 

In  the  case  of  branch  pipes  it  was  found  best  to  place  a 
deflector  at  the  junction  and  so  control  the  delivery 
through  the  whole  of  the  gratings  on  the  branch.  Each 
grating  on  the  branch  should  also  have  its  deflector.  It 
was  also  found  that  it  made  no  measurable  difference  to 
the  amount  of  air  distributed  whether  the  branches  came 
off  at  right  angles  or  at  the  usual  angle  of  30  degrees. 

If  each  grating  measures  18  by  6  inches,  which  appears 
to  be  a  convenient  size,  one  is  required  for  every  two  men 


when  50  cubic  feet  of  air  per  man  per  minute  is  suppliedr 
This,  of  cour,se,  means  a  considerable  number  of  gratings. 
On  the  other  hand,  the  arrangement  is  simple,  inex- 
pensive, and  efficient  in  preventing  draughts  and  dis- 
tributing air  and  warmth  evenly  throughout  a  compart- 
ment. Very  favourable  reports  have  been  received  from 
all  ships  so  fitted. 

Another  great  improvement  effected  during  the  war  as  a 
result  of  the  Committee's  recommendation  is  the  intro- 
duction of  a  water-excluding  ventilator,  which  is  a  modifi- 
cation of  a  fitting  observed  by  the  Committee  in  the  French 
battleship  Coiirbcf. 

Important  compartments  in  the  forward  end  of  the  ship, 
such  as  the  seamen's  latrines  and  the  sick  bay,  both  of 
which  require  specially  good  ventilation,  were  formerly 
entirely  without  it  at  sea,  except  in  the  calmest  weather, 
simply  because  both  the  natural  and  artificial  ventilation 
had  to  be  closed  to  keep  the  water  out.  Now,  however, 
the  new  fitting,  by  a  combination  of  centrifugal  action  and 
drainage,  guides  any  w'ater  which  enters  the  ventilator 
back  to  the  deck  without  permitting  any  of  it  to  enter  the 
fan  or  trunks.  Consequently  every  compartment  in  the 
latest  ships  is  just  as  well  ventilated  in  the  roughest 
weather  at  sea  as  it  is  in  smooth  weather. 

Much,  too,  has  been  done  to  reduce  the  heat  and  stag- 
nation of  air  iu  certain  important  compartments  near  the 
boiler  rooms  by  the  introduction  of  the  traversing  type  of 
open  ju-opeller  fan  with  the  object  of  stirring  up  the  air  in 
accordance  with  Leonard  Hill's  results. 

In  1915  the  condition  of  living  spaces  during  the  long 
hours  in  which  the  ports  and  ail  means  of  natural  venti- 
lation have  to  be  closed  to  exclude  light  came  under 
consideration,  and  a  number  of  light-excluding  scuttle 
ventilators  was  supjilied  to  everj'  ship. 

Special  attention  has  been  paid  iu  the  ships  built  during 
the  war  to  the  positions  and  ventilation  of  wireless  offices, 
transmitting  stations  (which  are  the  chief  nerve  ganglia 
in  a  ship),  and  to  the  space  appropriated  for  treatment  of 
the  wounded  during  action,  so  that  the  atmosphere  in  each 
of  them  may  be  cool  and  fresh.  Gunhouses  and  the  silent 
cabinets  in  gunhouses  have  within  the  past  twelve  months 
been  fitted  with  artificial  ventilation  which  has  been  very 
favourably  reported  on  by  the  Gunnery  School  at  Whale 
Island.  Destroyers  are  now  fitted  with  pressure  venti- 
lating fans  and  the  indirect  system  of  heating  the  mess 
decks. 

The  ventilation  of,  and  the  method  of  purification  of, 
the  air  in  submarines  have  been  greatly  improved  since 
the  outbreak  of  war,  and  this  is  very  clearly  shown  by  the 
enormous  reduction  iu  the  CO.,  content  after  long  hours  of 
diving.  Traversing  fans  have  been  introduced  into  these 
vessels  also. 

Wafer  Stipphj. 
Before  the  war  practically  all  drinking  water  consumed 
in  ships  in  commission  was  distilled  by  their  own  con- 
densers, but,  for  military  reasons,  a  very  large  number  of 
the  smaller  vessels  and  a  few  of  the  larger  have,  during 
the  present  hostihties,  derived  their  water  supply  from  the 
shore  through  the  medium  of  water-carryiug  vessels, 
varying  in  size  from  small  water  boats  of  about  100  tons 
to  large  colliers.  It  was  obvious  from  the  commencement 
of  this  system  that  the  transit  from  the  staudpipe  on  shore 
to  the  drinking  tank  in  H.M.  ships  by  way  of  hoses  and 
tanks  in  water  carrying  vessels  would  be  attended  bj'  a 
good  deal  of  pollution,  unless  special  precautions  were 
taken,  and  even  then  some  risk  would  be  unavoidable  ; 
accordingly,  the  Admiralty  issued  orders  that  the  work  of 
cleaning  tanks  was  in  all  ships  to  be  carried  out  under 
medical  supervision  ;  that  the  clothing,  including  footwear, 
of  the  men  who  actually  enter  the  tank  was  always  to  be 
previously  disinfected  ;  and  that  the  work  must  be  done 
by  the  ship,  not  by  contractors,  so  that  the  men  who 
carried  it  out  could  be  under  immediate  control  and  super- 
vision. Moreover,  the  process  of  supplying  drinking  water 
from  standpipes  on  shore  to  tank  vessels  has  for  the  past 
twelve  months  been  under  the  supervision  of  naval  medical 
officers,  who  draw  up  a  few  simple  rules  for  the  guidance 
of  the  men  in  charge  of  standpipes  and  for  the  masters  of 
tank  vessels.  These  rules  are  posted  near  the  standpipes 
and  in  prominent  positions  in  the  tank  vessels.  Similarly 
the  process  of  receiving  water  from  a  tank  vessel  into  one 
of  H.M.  ships  is  always  under  the  supervision  of  the 
medical   officer   of    that    ship   or   her   parent    ship,    who 
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sterilizes  the  water  with   chloride  of  lime,  however   pure 
the  source  of  the  supply  luay  be. 

Further,  a  special  naval  medical  officer  is  employed  in 
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ihe  sole  duty  of  seeing  that  every  precaution  possible  is 
4aken  to  safeguard  the  water  from  pollution  during  its 
transit  from  shore  standpipes  to  ship's  tanks.  He  travels 
from  port  to  port  inspecting  the  water-carrying  vessels 
to  see  that  their  fittings  are  in  accordance  with  hygienic 
requirements  and  that  the  method  of  transferring  the 
water  is  in  accordance  with  the  rules  laid  down  by  the 
Medical  Department. 

During  the  Gallipoli  campaign  a  distilling  apparatus  of 
great  capacity  was  set  up  in  Mudros  in  order  to  Drovide 
the  ships  and  the  Naval  Division  with  an  ample 
supply  of  pure  water. 

As  the  sites  of  air  stations  have  been  selected 
primarily  from  a  fighting  point  of  view,  the 
water  supply,  both  as  regards  quantity  and 
quality,  lias  often  proved  a  matter  of  difficulty 
and  anxious  consideration :  it  lias  then  been 
necessary  to  arrange  for  sterilization  by  chlorina- 
tiou. 

UnlieaUhy  Occupations. 

The  composition  used  for  the  preservation  of 
the  fabric  of  aeroplanes  contains  material  which, 
in  civilian  factories,  has  given  rise  to  many 
cases  of  toxic  jaundice,  some  of  which  have 
proved  fatal.  Although  the  Naval  Air  Service 
has  used  a  very  large  amount  of  this  "dope" 
no  deaths,  nor,  indeed,  any  cases  of  illness 
entailing  loss  of  service  for  a  single  day,  have 
occurred.  This  fortunate  result  is  to  be  attri- 
buted to  widely  disseminated  information  among 
the  personnel  as  to  the  danger  to  be  guarded 
against,  efficient  artificial  exhaust  arrangements 
(giving  tliirty  changes  of  air  per  hour  in  doping 
rooms)  and  complete  organization  for  extensive 
alternation  of  work. 

The  "dope"  used  in  varnishing  airship 
envelopes  is  of  an  entirely  different  nature,  and 
in  the  absence  of  protective  measures  causes 
symptoms  resembling  acute  alcoholism ;  but 
here  again,  although  several  hundreds  of  men 
are  employed  continuously  at  this  work  no  i 
can  be  traced  to  it  owing  to  the  efficient  methods 
immediately  removing  the  fumes  by  a  large  nu  nber 
powerful  exhaust  fans. 


In  our  munition  factories  5,000  men  and  women  handle 
tri-nitrotolucne  (T.N.T.),  hut  no  dust  is  allowed  to  collect, 
and  the  regulations  for  the  protection  of  workers  have  been 
so  strictly  carried  out  that  not  only  have  there  been  no 
fatal  cases,  but  there  is  no  record  of  a  single  case  of  toxic 
jaundice.  Although  many  authorities  believe  that  the 
poisonous  agent  in  T.N.T.  is  introduced  through  the  skin, 
it  is  considered  unjustifiable  to  allow  the  fumes  of  melting 
T.N.T.  to  escape  into  the  general  atmosphere  of  the  room, 
and  in  all  our  factories  artificial  exhaust  arrangements 
have  been  fitted  to  remove  the  fumes  from  their  point  of 
origin. 


THE    SERVICE    AFLOAT.  , 

BY 

Deputy  Surgeon-General  Robert  Hill,  C.V.O., 

PriiK'ipal  Medical  Oflicer.  Graud  Fleet, 

AND 

Fleet  Surgeon  E.  A.  Penfold,  D.S.O.,  M.B.,  R.N. 

All  senior  medical  officers  afloat  of  the  Royal  Navy 
appreciate  the  work  of  preparation  which  has  been  steadily 
going  on  tor  many  years,  most  markedly  in  the  last 
decade,  in  the  Service.  The  plans  laid  down  in  peace 
time  for  the  rapid  expansion,  when  war  should  be  declared, 
in  personnel  and  stores,  all  bore  fruit  when  put  to  the  test 
in  1914,  and  this  expansion  still  continues.   . 

The  installation  about  six  years  ago  of  high-pressure 
steam  disinfectors  in  ships  has,  since  the  outbreak  of  war, 
proved  of  supreme  value.  Besides  providing  a  weapon  to 
combat  the  exanthemata  and  other  infectious  diseases  as 
well  as  scabies,  they  sterilize  clothing  and  dressings  as 
frequently  as  may  be  desired.  Another  great  improve- 
ment of  pre-war  times  was  the  replacement  of  the  clumsy 
service  stretcher  by  the  two  forms  of  stretcher  now  in 
general  use — (1)  the  bamboo  stretcher  designed  from  the 
Japanese  stretcher  by  the  late  Fleet  Surgeon  Neil 
Robertson,  R.N.  (Figs.l  and  2),  which  renders  possible 
the  removal  of  wounded  from  small  compartments,  down 
escapes  in  turrets,  and  round  difficult  corners  with  a 
minimum  of  danger  and  discomfort,  and  (2)  the  ambulance 
field  service  stretcher  (Fig.  3),  which  enters  so  largely  into 
the  scheme  for  increased  stowage  space  by  the  tier 
system,  as  explained  further  on  (Figs.  4,  5,  and  6). 
"  At  the  outbreak  of  war  the  supply  of  stores  and  instru- 
ments increased  automatically,  and  catgut,  silk,  and  the 
like  were  sent  to  ships  in  portable  tubes  ready  sterilized. 
The  ships  have  always  been  on  a  war  footing,  but  much 
has  been  learnt  since  the  start  of  hostilities,  notably  the 
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large  number  and  severity  of  burns  eucouut  ered  in  action. 
Pictures  of  bluejackets  working  their  guns  stripped  to  the 
waist  are  picturesque  reminiscences  of  the  past,  but  the 
battle  of  Jutland  showed  that  exposed  parts,  such  as  face. 
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neck,   hands,   and   arms,   are   very  liable   to   be   severely 
.  burnt. 

For  the  evolution  of  the  anti-gas  apparatus  thanks  are 
due  to  Fleet  Surgeon  D.  AV.  Hewitt,  R.N.,  and  Mr.  A. 
Hutchinson,  of  Pembroke  College,  Cambridge.  Their  work 
goes  to  prove  that  the  naval  medical  authorities  are  keeping 
pace  with  and  countering  the  fresh  devices  of  the  enemy 
in  this  respect. 

Bums. 
The  paraflBn,  or  "ambrine,"  treatment  of  burns  intro- 
duced by  Medecin-major  Barthe  de  Sandfort  of  Paris  (late 
of   the    French    navy)    has    been   adopted    by   the    Nava;! 
Medical  Service  afloat.     A  small  slab  of  the  wax,  which  is 


.    Fig.  3.— Bamboo  "  rteld  "  stretcber  slung  Irom  wire  ropiug  iu  tier 
of  three  system.    Design  adopted  by  the  Admiralty. 

a  mixture  of  paraffin  and  resins,  is  put  into  a  metal  spray 
producer  and  heated,  either  over  a  spirit  lamp  or  in  a 
water  bath,  up  to  the  temperature  when  the  wax  melts. 
The  bellows  of  the  spray  producer  are  then  adjusted,  and 
the  liquid  wax  is  pumped  as  a  very  fine  spray  on  to  the 
burnt  surface,  which  has  been  previously  dried  thoroughly. 
A  cake  of  wax  forms  over  the  surface,  and  is  both  air- 
proof  and,  from  the  heat  at  which  it  is  applied,  aseptic. 
A  thin  layer  of  cotton- wool  is  then  laid  on  tliis  wax,  and 
the  whole  is  again  covered  with  the  liquid  wax  applied  by 
a  brush.  The  results  are  very  satisfactory ;  pain  is  cer- 
tainly relieved  rapidly,  and  subsequent  dressings  are  almost 
painless. 

Caisson  Disease, 
Another  valuable  adjunct  to  the  medical  service  is  the 
compression  chamber  fitted  in  one  of  the  base  ships  for 
cases  showing  signs  of  caisson  disease.  It  has  proved  very 
useful  in  the  few  cases  in  which  it  has  been  necessary  to 
use  it. 

Dcniistry. 

The  appointment  of  dental   surgeons  to  certain  ships  in 

the  Grand  Fleet  has  beeu  very  valuable.     Their  services 

became  necessary  owing  to  the  few  opportunities  which 

men  had  to  visit  the  dental  surgeons  at  the  bases.     The 


amount   of  work  they  have   accomplished  has  proved  of 
infinite  benefit  to  tlie  comfort  and  well-being  of  all  hands. 


Sicli  Bays 
The  evolution  of  the  sick  bays  from  those  of  twenty 
years  ago  has  advanced  as  rapidly  as  that  of  the  ships 
themselves,  and  they  are  now  well  equipped.  Situated 
well  forward,  the  sick  bay  usually  occupies  the  whole 
beam  of  the  ship,  and  thus  gets  the  advantage  of  scuttles 
on  both  sides  for  light  and  air.  It  is  also  ventilated  by 
ti-unks  from  the  upper  deck,  and  this  is  of  inestimable 
advantage  when  battened  down  at  sea.  The  swinging  cots, 
from  eight  to  twelve  iu  number,  are  slung  on  supports  iu 
-  the  main  portion  of  the  bay,  and  arranged  in  two  tiers 
with  room  between  each  group  to  nurse  on  both  sides. 
There  is  also  room  for  a  few  hammocks.  The  messing 
room  is  usually  curtained  off  from  the  beds.  The  operating 
room  is  an  excellent  compa?'tment  with  tiled  floor,  good 
light  from  both  scuttles  and  electric  groups,  enamelled  iron 
shelves,  tables,  and  wash  bowls,  electric  wandering  lead 
and  serviceable  operating  table.  The  supply  of  instru- 
ments comprises  a  major  operating  case,  a  minor  operating 
case,  a  case  of  eye  instruments,  a  set  of  silver  catheters, 
Potain's  aspirator,  a  small  dental  outfit,  a  sterilizer,  splints, 
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Fig.  4. — Wive-vope  lUJi'itihts  in  position  for  reception  of  cots  or 
stretchers.  Designed  by  Staff  Siu-geon  Bringan,  K.N.,  in  H. M.S. 
Edoar. 

irrigators,  etc.  The  dispensary  is  well  lighted  and  fitted 
up.  In  some  of  the  newer  ships  a  separate  mess  is  pro- 
vided for  the  sick  berth  staff.  This  is  a  great  advance 
and  much  needed  accommodation.  There  is  also  an  isola- 
tion cabin,  usually  with  two  beds,  which  can  be  used  as 
a  junior  officers'  hospital. 

Iu  order  to  obtain  all  the  advantages  as  regards  space, 
light,  and  air,  the  sick  bay  must  be  situated  in  an  unpro- 
tected part  of  the  ship.  This  subject  is  closely  connected 
with  that  of  the  accommodation  for  the  sick  and  wounded 
and  the  medical  staff  during  an  action,  and  also  after  it,  aS' 
the  sick  bay  itself  is  likely  to  be  shattered. 

Disirihudiiij  (Dressing  1  Stations. 
In  all  modern  ships  there  are  two  distributing  stations- 
designed  in  the  construction  of  the  ship,  where  the  medical 
officers  and  their  assistants  are  stationed  in  action  :  these 
are  usually  situated  one  in  the  fore  part  and  one  in  the 
after  part  of  the  ship.  They  are  designed  so  that  they 
shall  be,  as  far  as  possible,  iu  the  most  protected  parts  of 
the  sliip,  and  for  this  reason  there  are  many  difficulties  as 
regards  space,  ventilation,  and  temperature,  these  dressing 
stations  being  usually  iu  close  vicinity  to  boiler  rooms  or 
other  engine-room  compartments,  which  are  necessarily  in 
the  most   heavily   armoured   parts  of  the  ship,   and   are 
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usually  Iiot  aud  the  space  limited.  They  are  nowadays 
fitted  peniiaueutly  as  dressini>  stations,  with  opei'atin<; 
tables,  shelves,  cnpboavds,  and  other  appliances,  and  are 
kept  always  ready  in  war  time,  so  that  when  the  ship 
prepares  for  "  immediate  action  "  only  those  stores,  in- 
struments, dressings,  and  so  forth  which  are  in  daily  use 
in  the  sick  bay  proper  are  removed  to  these  stations. 

Stowage  of  Wonnded. 

The  stowage  of  wounded  in  the  limited  space  available 
under  aimour  has  exercised  the  minds  of  naval  medical 
officers  for  many  years,  and  active  service  quickly  demon- 
strated that  the  decks  became  too  wet  to  be  desirable  or 
comfortable  for  the  wounded ;  further,  very  few  cots  and 
stretchers  could  be  accommodated  in  the  space  at  our 
disposal.  Much  ingenuity  has  been  displayed  by  various 
officers  to  increase  this  cot  accommodation — Fleet  Surgeon 
Lavertine,  Staff  Surgeon  Bringan,  and  the  late  Fleet 
Surgeon  Capps.  In  all  their  designs  the  tier  system  has 
been  adopted.  The  two  chief  types  produced  are  (a)  the 
rigid  wooden  skeleton  to  hold  cots  or  stretchers,  and  (6)  wire 
roping,  fitted  with  loops  at  intervals  of  2  ft.  to  carry  the 
stretcher,  fixed  to  the  beam  above,  and  either  fixed  to  the 
deck  below  or  allowed  to  swing  clear. 

The  committee  appointed  to  report  on  accommodation  of 
wounded  decided  on  the  wire-roping  system,  erected  in 
single  tiers  for  three  stretchers,  as  the  most  useful. 
Figures  3,  4,  5,  6  show  the  different  designs.  This  con- 
trivance ,  rigged  near  the  distributing  station  on  both 
sides  of  the  main  decli,  and  in  other  suitable  sites,  in- 
creases the  stowage  room  threefold — keeps  the  wounded 


Fig.  5.- 


■Reuresenting  a  group  of  six  cotv^  in  position.     Desit^ned  by 
Staff  Surgeon  Bringau  in  H.M.S.  Edgar. 


off  the  wet  deck,  and  places  them  in,,situations  from  which 
they  can  be  easily  attended  to  and  moved  should  the 
disengaged  side  become  the  engaged  one. 

First  Aid. 
Besides  the  "first-aid"  haversacks,  boxes  or  cupboards 
for  each  gun  are  filled  with  single  packages  of  dressings 
and  other  appliances,  according  to  each  medical  officer's 
plan.  Similar  haversacks  are  usually  supplied  for  the 
leading  hands  in  charge  of  each  stretcher  party,  and  for 
every  isolated  position  in  the  ship — that  is,  for  each  station 
in  action  where  a  number  of  men  are  isolated  in  various 
compartments  such  as  conning  tower,  torpedo  fiats,  gun- 
nery and  torpedo  control  positions,  workshops,  repair 
parties,  engine  rooms.  The  "  first-aid  "  dressings  supplied 
to  these  stations  vary  in  amount  according  to  the  number 
of  men  stationed  there,  which  may  be  from  three  to  fifty 
men.  It  is  also  usual  to  have  large  tin  boxes  of  additional 
dressings,  tourniquets,  scissors,  .splints,  and  other  appli- 
ances in  various  accessible  parts  of  the  ship  during  action. 
These  stores  are  used  when  there  is  any  lull  in  the  fighting, 
to  replenish  the  haversacks  or  small  boxes  belonging  to 
the  guns  and  other  stations  without  the  necessity  of 
coming  to  the  medical  officers  in  their  usually  distant 
stations. 


It  nmst  be  borne  in  uiind  that  owing  to  the  condition  of 
a  ship  during  and  after  an  action,  and  to  the  excessive 
shock,  even  in  the  less  severe  cases  of  injury,  it  is  advisable 
to  avoid  immediate  operations. 

Shock. 
In  order  to  combat  shock  the  hypodermic  injection  of 
morphine  is  one  of  the  most  important  duties  of  the 
medical  officers  during  action,  as  this  cannot  be  satis- 
factorily carried  out  by  the  best  of  lay  assistants  who  have 
not  previously  been  accustomed  to  it.  No  other  forms  of 
administration  are  entirely  satisfactory,  although  com- 
manding officers  of  destroyers  in  the  early  days  of  the  wai% 
when  they  were  frequently  in  action,  and  before  the 
appointment  of  surgeon  probationers,  had  great  faith  in  the 
small  opium  tablets  with  which  they  were  supplied. 

Seps  is. 
The  next  most  important  duty  in  action  is  to  combat 
sepsis,  and  altliough  there  is  no  soil  contamination  to  be 
fought  against,  the  wounds  caused  by  shell  are  contami- 
nated by  all  sorts  of  debris,  resulting  from  shell  explosion 
in   a  confined  space,  and   the  difficulties   in   the  way   of 
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Upright  as  used  ia  Mona  rch  since  August,  1914. 
by  Fleet  Surgeon  Lavertine. 
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cleaning  tlie  wounds  are  greatly  increased  if  the  hot 
water  supply  in  the  dressing  stations  has  been  cut  off 
either  by  explosion  there,  or  by  destruction  of  the  fresh 
water  supply  pipes  in  other  parts  of  the  ship.  Recourse 
must  then  be  had  to  the  previously  prepared  stock  of 
lotions  and  to  iodine  and  rectified  spirit.  After  combating 
shock  and  cleansing  wounds,  first  dressings  are  applied 
and  the  patients  made  as  comfortable  as  possible.  After 
the  action  is  over,  or  if  there  is  a  lull,  it  may  be  possible 
to  do  more  in  the  way  of  surgery,  but  as  the  action  may 
be  resumed  at  any  moment  until  the  ship  is  outside  the 
"danger  zone,"  there  will  not  be  any  time  during  which 
the  ship  is  not  liable  to  attack  from  the  enemy,  either  by 
gunfire,  torpedo,  mines,  or  from  the  air,  so  that  usually  all 
that  can  be  done  is  to  remove  the  wounded  to  places  pre- 
viously arranged  for,  in  all  possible  "protected"  places, 
where  their,  wounds  can  be  redressed  more  carefully  and 
splints  appiied  to  fractured  limbs,  and  any  immediate 
surgical  work  carried  out. 

Ecacuation  from  Ship. 

The  evacuation  of  the  wounded  from  a  ship  is  a  most 

important  point,  both  from  the  wounded  man's  point  of 

view  and  also  for  the   efficiency  of  the  ship.     The  ideal 

conditions  obtain  when  a  hospital  ship  can  go  alongside 
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the  ship  of  war  ;  then  the  wouuiled  can  be  carried  iu  their 
service  cots  aud  stretchers  across  a  gangway  to  tlieir  beds. 
This,  however,  is  rarely  possible,  and  the  services  of  the 
hospital  carrier  are 
called  in  as  a  go-between. 
In  this  case  the  wounded 
man  is  taken  in  his 
cot  or  stretcher  and 
placed  iu  the  tray  or  cot 
carrier  and  hoisted  out 
by  means  of  a  derrick 
into  a  hospital  boat  or 
barge,  which  transports 
him  to  a  hospital  ship, 
an  ambulance  train,  or 
a  local  hospital,  as  cir- 
cumstances command. 
The  chief  point  to  be 
remembered  is  that  the 
less  a  wounded  or  burnt 
man  is  moved  the  better 
his  chances  of  recovery. 
Since  the  outbreak  of 
hostilities  the  hospital 
ships  have  borne  the 
brunt  of  the  medical 
work  in  the  fleet.  The 
extreme  undesirability 
of  making  preparation 
for  action  with  several  bed  cases,  whether  medical  or 
surgical,  on  board  the  fighting  ship  is  evident.  Cases  of 
sickness  or  iujury,  if  likely  to  be  uuder  treatment  more 
tliau  a  few  days,  are  therefore  transported  to  the  local 
naval  hospital  or  hospital  ship. 


D.S.O.,  M.B.. 


HOSPITAL    SHIPS. 

BY 

Fleet  Surgeon  E.  C.  Lomas,  C.B. 

F.R  C.S.Edin..  K.N., 

Late  Senior  Medical  Offlcer.  H.M.  Hospital  Ships  Maine.  BohiMa, 

and  Garth  Castle. 

Before  the  war  there  was  only  one  British  hospital  ship 
in  commission,  the  Maine,  which  was  originally  fitted  out 
by  a  group  of  American  ladies  during  the  South  African 
war  and  subsequently  taken  over  by  tlis  Admiralty.  Un- 
fortunately this  vessel  went  ashore  in  a  thick  fog  on 
June  19th,  1914,  and  was  lost,  but  the  arrangements  for  the 
provision  of  sufficient  hospital  ships  for  the  fleet  previously 
made  by  the  .\dmiralty  worked  admirably.  Within  four 
days  of  the  order  to  mobilize  for  war  three  ocean  liners 
were  converted  into  hos- 
pital "carriers,"  aud 
with  their  medical  aud 
nursing  staff,  and  ful' 
equipment  of  cots, 
bedding,  and  medical 
and  surgical  stores  com- 
plete, which  had  been 
kept  ready  in  a  lay-apart 
store  at  one  of  the  large 
medical  depots,  were  at 
sea,  where  any  neces- 
sary alterations  were 
completed  by  the  artisan 
ratings,  so  that  they 
joined  up  with  the  fleet 
ready  for  any  emer- 
gency. 

In  the  meantime 
work  was  being  pressed 
forward  in  six  other 
ships  intended  for  more 
permanent  service  from 
plans  which  had  already 
been  prepared  during 
peace,  so  that  they  were 
ready  for  sea  in  about 
thi-ee  weeks  or  less.  These  vessels  were  mostly  inter- 
mediate liners,  in  which  the  passenger  accommodation 
and  cargo  space  were  easily  adapted  to  their  new  purpose. 
The  swinging  cots  fitted  averaged  about  220,  but  additional 
emergency  accommodation  was  provided  for  about  300 
more  patients.     In  the  Mediterranean   this   number  -was 


sometimes    largely   exceeded,  over   900  cases  being  con- 
veyed to  a  base  hospital  on  one  occasion. 

As  a  rule  tliere  are  six  or  seven  wards  for  men  (Fig.  7) 

and  two  or  three  for 
o  fii  c  e  r  s,  which  were 
adapted  by  converting 
portions  of  the  saloons 
or  removing  cabin  bulk- 
lieads,  some  officers 
being  also  nursed  in 
cabins.  A  padded  room 
for  mental  cases  was 
also  prepared.  The 
decks  are  covered  with 
green  corticine,  which 
is  easily  kept  in  a  high 
state  of  polish ;  the  bulk- 
heads aud  cots  are 
enamelled  a  very  light 
green.  Ventilation  is 
maintained  by  means  of 
scuttles,  supply  and  ex- 
haust cowls,  and  special 
motor-driven  supply  ven- 
tilators. The  wards 
occasionally  became 
rather  hot  at  night  when 
dead -lights  had  to  be 
closed  ;  but  this  was 
corrected  by  Fleet  Surgeon  M.  H.  Kuapp's  plan  of 
fitting  the  cylindrical  portions  of  ordinary  wind  scoops 
with  partial  diaphragms  which  occupy  about  two-thirds  of 
the  circumference,  so  that  while  air  is  freely  admitted 
no  light  shows  through.  Other  alterations  included  the 
fitting  up  according  to  the  existing  plans  of  dispensaries, 
pantries,  latrines,  mortuary,  disinfector  for  clothes  and 
bedding,  cot  lifts  both  inside  and  outside  the  ship,  x-ray 
room,  laboratory,  laundry,  operating  rooms,  and  many 
other  necessary  adjuncts  of  a  self-contained  hospital. 
These  necessary  fittings  had  also  all  been  stored  iu 
readiness  before  mobihzation, 

The  operating  theatres  are  installed  either  in  music 
rooms  or  saloons,  or  in  specially  constructed  erections  oa 
the  upper  deck  (Fig.  8).  In  the  former  case  the  somewhat 
ornate  walls  are  covered  in  with  match-boarding  enamelled 
white.  The  rooms  are  divided  into  two  parts  with  separate 
entrances  and  sliding  doors  between — one  half  being  used 
as  a  preparation  aud  sterilizing  room.  The  decks  are 
tiled  and  all  the  tables,  shelves,  and  other  structural 
arrangements  are  of  the  aseptic  pattern.  In  spite  of  their 
extemporized  character,  it  does  not  appear  that  any  case 

of  sepsis  could  be 
definitely  attributed  to 
faulty  surroundings. 

The  cot-lifts  which 
serve  the  wards  are 
placed  near  the  operat- 
ing rooms  so  that  the 
exposure  of  a  patient 
after  anaesthesia  is  re- 
duced to  a  minimum. 
The  original  supply  of 
instruments  aud  medical 
and  surgical  stores  met 
the  initial  requirements ; 
b  u  t  subsequently,  as 
it  became  necessary, 
further  equipment  was 
|)rovided  by  the  Ad- 
miralty. 

General  Duties. 
On  the  Home  Station 
the  work  of  the  hos- 
pital ships  is  to  a  large 
extent  similar  to  that 
carried  out  by  the 
Maine  in  peace  time. 
The  Fleets  at  their  different  bases — often  in  remote 
districts  where  no  shore  accommodation  is  available — 
are  attended  by  one  or  more  ships.  When  nearly 
full  they  are  either  cleared  by  smaller  hospital  ships 
which  convey  the  patients  to  a  convenient  rail-head  for 
further    transference    by   ambulance  train,   or    at   stated 


Fig.  8.— Operating  room. 
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intervals  the  hospital  ships  are 
relieved  by  others,  steam  to  a  rail- 
head to  discharge  their  cases,  and 
are  then  coaled,  provisioned,  and 
if  necessary  repaired  or  relitted. 
<5)  It  soon  becauio  evident  that 
any  preconceived  ideas  oi;  hos- 
pital ships  proceeding  to  the 
scene  of  an  action  had  to  be  dis- 
carded. Apart  from  the  diffi- 
culties of  transporting  wounded 
men  from  the  tightiug  ships  in 
bad  weather  at  sea  it  was  obvious 
that  the  conditions  of  modern 
naval  warfare  precluded  these 
ships  from  remaining  with  their 
engines  stopped  without  running 
grave  risk  of  being  torpedoed  b}' 
submarines. 

Embarkation. 
In  harbour  the  conveyance  of 
patients  is  carried  out  by  con- 
verted drifters  or  in  ships' 
picket  boats  and  cutters.  Some 
of  the  former  are  fitted  to  take 
■eighteen  cot  cases  under  cover, 
and  in  bad  weather  are  far 
preferable  to  ships'  boats.  On 
arrival  alongside,  the  cots  are 
hoisted  in,  by  hydraulic  or  steam 
.  cranes,  in  a  tray  which  would 
take  either  a  service  cot  or  a 
stretcher  (Figs.  9,  10,  11).  The 
original  trays  were  gradually  im- 
proved upon,  and  were  fitted  with 
a  removable  end  or  side,  whereby 
the  process  of  transfer  is  much 
facilitated.  When  comparatively 
large  numbers  of  men  wounded 
in  action  have  been  brought  in  by  destroyers 
cruisers,   it   has  been   found   quite  possible   to 


vessels  alongside  the  hospital 
ship,  which  considerably  acceler- 
ates the  transfer. 

Opinions  differ  as  to  what  class 
of  cases  should  be  dealt  with  by 
hospital  ships  after  an  action  and 
what  transferred  further  by 
ambulance  train.  There  is  much 
to  be  said  for  the  view  that  the 
very  severely  wounded  and  those 
suffering  from  much  shock  are 
more  satisfactorily  dealt  with  in 
the  former.  The  transference 
from  a  fighting  to  a  hospital  ship 
is  accomplished  with  the  mini- 
mum of  disturbance;  and,  as  now 
equipped,  these  ships  are  capable 
of  dealing  with  anything.  After 
the  .Jutland  battle  there  was  a 
considerable  number  of  patients 
with  severe  burns  who  certainly 
could  not  have  borne  a  long  train 
journey  ;  their  care  entailed  heavy 
work  on  the  staffs  of  the  ships 
which  received  them.  It  must  be 
borne  in  mind,  however,  that 
when  cases  on  board  hospital 
ships  that  can  travel  by  train  are 
retained,  there  are  no  means  of 
dealing  with  a  fresh  lot  of 
wounded  that  may  come  in  at 
any  time.  The  hospital  ship  is, 
in  fact,  demobilized  pro  tern.,  a 
iiiost  undesirable  proceeding. 

Staff. 
The  medical  staS  consists  of 
one  tieet  surgeon  in  charge,  six 
other  medical  officers,  and  a 
dental  surgeon.  A  chaplain  also 
and  light  is  borne.  The  surgeons  in  the  first  instances,  in  addition 
get  these     to  active  service   medical  officers,  were  drawn  from  the 


Fig.  9. — Cot  case  coming  onboard  from  a  ship's  boat. 


Fig.  10.— Cot  case  being  transTcrred  to  the  lift  from  tray 


Fig  11  —Lot  case  being  lowered  into  the  wards  bj'  the  lift. 
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Eoyal    Naval    Volunteer    Reserve,    amongst   whom    were 
many  holding   houoiary    hospital    appointments    in   civil 
life.     Extremely  valuable  services  were  rendered  by  these 
officers,    among   whom   were   bacteriologists,    ophthalmic 
surgeons,   and   .i-ray   experts.     As  time  went  on,   special 
departments      were 
gradually  developed, 
with  the  result  that 
a  degree  of  efficiency 
has    been    obtained 
remarkable     for     a 
floating  hospital. 

The  nursing  staff 
consists  of  four  Royal 
Naval  or  Reserve 
Nursing  Sisters,  and 
some  thirty-  five  men, 
of  whom  about  one- 
third  belong  to  the 
regular  Naval  Sick 
Berth  Staff  and  the 
remainder  to  the 
Reserve.  The  latter, 
drawn  mainly  from 
mining  and  manu- 
facturing districts, 
■were  well  trained  in 
ambulance  work,  but 
as  their  nursing 
capabilities  were 
naturally  of  a  less 
high  order,  much 
responsibility  fell 
upon  the  Sisters,  who 

have  admirably  justified  their  calling.  The  remainder  of 
the  complement  includes  carpenter  ratings,  master-at-arms, 
and  ship's  corporals  for  baggage  and  police  duties,  writer, 
and  signalman. 

Improvements  are  constantly  made  in  these  ships  ;  for 
instance,  in  the  ,r-ray  room  of  the  Garth  Castle  aerial 
leads  were  installed,  viewing  boxes  and  adjustable  carriers 
for  water-cooled  tubes  made,  and  many  other  accessories 
fitted  up  by  the  ship's  artisans  and  electrician  under  the 
supervision  of  the  surgeon  in  charge  of  the  department. 

In  the  laboratory  the  ordinary  clinical  and  pathological 
examinations  are  carried  out,  and  facilities  provided  for 
culture  work  and  the  thorougli  investigation  of  cerebro- 
spinal fever  contacts  and  carriers.  For  examination  of 
acuity  of  vision,  es- 
pecially that  of  gun 
layers,  ail  the  hos- 
pital ships  are  pro- 
vided with  trial 
glasses  and  a  dark 
room,  where  anoph- 
thalmic  surgeon  or 
other  member  of  the 
staff  with  a  good 
working  knowledge 
of  sight  testing  and 
retinoscopy  is  al- 
ways available. 
Among  the  tempo- 
rary surgeons  there 
are  several  gynaeco- 
logists, and  their 
surgical  experience 
is  turned  to  good 
account  on  more 
general  lines.  On  one 
occasion  a  success- 
ful Caesarean  sec- 
tion was  performed 
in  a  remote  district 
where  no  other  pro- 
fessional aid  was  ob- 
tainable. The  opera- 
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Fig.  12.— DisembarkiDg 
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tive  work  is  often  heavy,  the  ca-ses  being  those  ordinarily 
met  with  in  a  naval  hospital.  Appendicitis  is  fairly 
common,  and  on  one  occasion  seven  gangrenous  cases 
were  operated  upon  in  one  day. 

In  the  Garth  Castle  iodine  was  mainly  and  successfully 
used  for  the  cleansing  of  wounds,  skin  preparation,  catgut, 
etc.  Hypertonic  saline  solution  was  also  much  in  vogue, 
both   for    arm    and    leg   baths  and  as  a  dressing.       The 


formula    used    was   a   solution   containing   0.85   per  cent, 
sodium  chloride  with  0.25  per  cent,  of  sodium  citrate.  The 
I'esults  obtained  were  excellent ;  septic  wounds  and  barns 
became  clean  and  healthy  in  a  wonderfully  short  space  of 
time.     Fleet  Surgeon  A.  K.  Bankart's  apparatus  for  obtain- 
ing  a  solution  con- 
taining free  chlorine 
by    the  electrolysis 
of  sea  water  proved 
quite  efficacious. 

The  dental  sur- 
geons are  always 
busy,  and  are  of  im- 
mense service  to  the 
personnel  of  the 
Fleet.  At  one  time 
there  were  three  of 
these  officers  living 
in  the  hospital  ship 
at  a  certain  base,  the 
foremost  operating 
and  p  r  ep  a  r  a  t  i  o  n 
rooms  being  given 
up  to  them.  The 
equipment  supplied 
is  very  complete. 

Two  features  were 
introduced       which 
proved      of      the 
greatest    benefit    to 
the  Fleet.     The  first 
was      the      system- 
atized use   of   galyl 
in  all  hospital  ships. 
At  first  patients  requiring  this  treatment  were  sent  to  the 
South    of    England,  occupying   valuable  beds  in  hospital 
carriers  and  trains,   and    their    services  were    lost   for   a 
considerable  period.     Later  on  such  patients  were  sent  to 
the  hospital  ships  for  two  or  three  days,  the  injection  was 
given,    the   particulars    entered   in    their    special    history 
sheets,  and  they  then  returned  to  duty  until  due  for  their 
next  dose.      Whatever   hospital    ship    was    present    then 
carried  on  the  treatment,  with  resulting  economy  of  time, 
money,  and  service.     Systematic  examinations  of  the  urine 
for  ar.senic  were  also  carried  out. 

The  other  feature  was  the  provision  of  a  ship  specially 
for  zymotic  diseases.  The  ordinary  hospital  ships  are  not 
able  to  deal  with  these  cases  without   seriously  impairing 

their  general  effi- 
ciency, so  the  advent 
of  the  Agadir  was 
the  greatest  possible 
boon.  The  drafts 
constantly  coming 
from  the  various 
depots  often  bring 
sporadic  cases  of  in- 
fection, and  their 
early  isolation  is  a 
matter  of  impor- 
tance. The  laundry 
and  disinfecting 
plant  are  two  other 
items  in  constant 
request.  Clean  bed 
linen  and  patients' 
clothing  went  far 
towards  giving  the 
ships  their  reputa- 
tion for  always  look- 
ing fresh  and  sweet. 
The  contrast  to  a 
sick  man  coming 
from  a  fighting  ship 
always  prepared  for 

,  .    ,,  .      ,     ,    ,  action  and  often  coal- 

Kemoval  to  Motor  Ambulance.  -  .  . 

ing    IS    very    great. 

The  large  high  pressure  disinfector  is  in  great  demand, 

much  bedding  and  clothing  being  brought  from  auxiliaries. 

and  small  craft  which  have  no  facilities  for  this  work. 


Disembarlcation. 
This  is  simply  the  converse  of  the  process  of  embarking  a 
considerable  number  of  cases.    As  has  already  been  stated, 
it  is   done   in  two   ways— that   is,   either   by  discharging 
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to  a  smaller  hospital  ship  which  came  alongsitlo  or  by  the 
ship  herself  proceeding  to  a  port  with  rail  facilities.  In 
the  latter  case,  tlio  number  and  class  of  cases  having 
previously  been  telegraphed,  a  fleet  of  motor  ambulances 
and  baggage  lorries  is 
in  attendance  on  the  jetty 
as  soon  as  the  ship  is  tied 
up.  The  clerical  worl;, 
sorting  of  baggage,  labelling 
for  the  different  base  hos- 
pitals, etc.,  has  all  been  com- 
pleted on  the  voyage,  so 
that  little  time  is  spent  over 
the  actual  disembarkation. 
The  requisite  number  of 
cots  are  placed  in  readiness 
in  each  ward,  and  the 
patients  who  are  unable  to 
walk  placed  in  them.  Bag- 
gage and  walking  cases  are 
got  out  first,  the  latter  pro- 
ceeding down  a  brow  or 
the  ship's  gangway  ladder. 
The  cot  cases  are  then 
brought  up  in  rapid  suc- 
cession in  the  lifts,  trans- 
ferred to  the  tray,  and 
hoisted  out.  Padded  trestles 
are  placed  on  the  jetty  to 
receive  the  tray,  and  the 
cots  are  transferred  to  the 
■waiting  ambulances  (Figs. 
12,  13).  The  canvas  cots 
are  uniform  and  inter- 
changeable with  those  of 
theambulauce  train,  so  that 
tli«re  is  no  further  dis- 
turbance of  the  patient,  the 
same  number  of  empty 
cots  being  received  from 
the  train. 

The    Naval      Medical 
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Fig,  14. — Sbowing  cots  slung  in  ambulance  train. 


in   the   general  work    of   the   Medical  [Department  of  the 

Navy. 

To   deal    with    this   phase    of    medical    work   a   special 

medical  transport  organization] has  been   created.     There 

is  a  central  office  at 
the  Admiralty  for  the 
Principal  Medical  Trans- 
port Officer,  and  thus  in 
immediate  touch  with  the 
department.  Medical 
Transport  Officers  are  es- 
tablished at  the  chief  naval 
ports,  and  finally  .-Assistant 
Medical  Transport  Officers 
have  been  appointed  at  all 
places  round  the  coast 
where  wounded  are  likely 
to  be  landed  after  action. 
At  each  of  these  places 
provision  has  been  made 
for  establishing  dressing 
stations  and  temporary 
hospital  accommodation 
for.,  a  certain  number  of 
cases  until  such  time  as 
an  ambulance  train  can  be 
sent  to  remove  them  to  base 
hospitals  elsewhere. 

One  of  the  difficulties  of 
the  problem  of  dealing  with 
naval  cases  after  action  is 
the  impossibility  of  arrang- 
ing in  advance  or  foretelling 
exactly  at  which  spot  and 
in  what  numbers  wounded 
will  be  landed.  Certain 
obvious  bases,  it  is  true, 
exist,  to  which  ships  able 
to  do  so  would  naturally 
return  after  an  action. 
But  at  the  same  time  these 
bases      are      wide     apart, 


Transport  Department  now  takes  charge  of  the  cases, 
so  that  when  the  last  patient  and  kit-bag  are  over  the 
side  the  professional  work  of  the  ship  ceases  for  a  short 
space,  and  a  proportion  of  the  staff  are  enabled  to  get 
well-earned  leave  as  the  last  weeks  of  the  round  trip  are 
always  strenuous. 

ACCOUNT   OP   LAND    3IEDICAL    TRANSPORT 
ARRANGEMENTS    OF   THE   NAVY. 

BT 

Surgeon  General  Sir  J.\mes  Porter,  K.C.B.,  K.C.M.G., 

M.D..  R.N., 

AND 

Staff  Surgeon  A.  Vavasour  Elder,  K.N.V.R. 
The  removal  of  sick  and  wounded  from  the  scenes  of  their 
activities  to  the  seclusion  of  a  hospital  is  no  small  factor 


leaving  large  gaps  of  coast  line  with  many  ports,  into 
any  one  of  which  rescue  vessels  and  smaller  damaged 
vessels  might  be  compelled  to  enter  and  discharge  their 
wounded.  Hence  the  establishment  of  what  are  termed 
emergency  medical  depots,  with  Medical  Transport  Officers 
in  charge  of  each  at  various  places  along  the  coasts.  Thus 
no  likely  place  is  left  without  means  of  coping  with  a 
sudden  inrush  of  wounded  and  rendering  medical  aid 
to  them. 

Briefly,  from  the  time  a  wounded  man  is  landed  from 
a  ship  until  he  is  finally  placed  in  hospital,  he  is  in  the 
charge  of  the  Land  Medical  Transport  branch  of  the  Naval 
Medical  Service.  The  system  adopted  by  the  Navy  differs 
from  others  in  so  far  that  when  a  man  is  wounded  severely 
enough  to  require  immediate  treatment  in  bed,  after  having 
received  medical  attention,  he  is,  so  to  speak,  put  to  bed  in 


Fig.  15.— Showing  method  of  oarrj-ing'cot.     Sumuicr  dress. 


Fig.  16.— Sh 


uibiid  of  carrying  cot.    ^^"inter  dress. 
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his  shiiJ  in  a  standard  naval  cot  and  made  as  comfortable 
as  possible  in  the  circumstances.  The  naval  standard 
pattern  cot  is  composed  of  canvas  stretched  over  a  wooden 
frame  and  laced  together.     At  each  end  of   the  cot   the 


Fig.  17. — "Gripe"  and  method  of  diminishing  vibration  for 
fracture  cases,  a.  Anchor  hoolf :  b,  chain;  c,  spiral  spring; 
d.  traveller  ;  e.  side  of  coach  ;  /,  fracture  slat. 

canvas  is  extended  into  a  triangle,  the  apex  of  which  is 
fitted  with  a  lanyard  and  an  "  eye  "  for  slinging  purposes, 
while  the  canvas  at  the  sides  is  wide  enough  to  overlap, 
and  so  affords  extra  warmth  and  protection  to  the  occu- 
pant. Each  cot  is  fitted  with  a  mattress,  pillow,  pillow- 
case, and  two  blankets.  Thus  it  is  in  itself  a  complete  bed 
wherever  situated.  From  the  time  a  patient  is  placed  in  a 
cot  on  board  a  fighting  ship  until  he  is  finally  put  to  bed  in 
a  hospital  he  is  never  moved  out  of  it.  He  and  his  cot 
travel  together  all  the  way,  thus  saving  much  of  the 
pain  and  suffering  involved  in  the  frequent  transfers  by 
sti'etchers,  ambulances  and  trains. 

To  carry  this  out  all  the  ambulance  trains,  motor  ambu- 
lances, bearer  parties,  and  so  forth,  have  been  specially 
organized  in  a  standard  and  uniform  manner  with  regard 
to  each  individual  link  of  the  transport  chain.  This  maj'  be 
best  described  by  tracing  the  journey  of  a  patient  from  the 
commencement.  The  patient  and  his  cot  complete  with 
bed  and  bedding  are  landed  from  the  ship  and  turned  over 
to  bearers  specially  trained  in  the  handling  of  cots.  These 
bearers  are  drawn  from  ratings  of  the  Royal  Naval  Auxiliary 
Sick  Berth  Reserve  attached  to  the  Medical  Transport  branch 
in  the  case  of  large  naval  centres,  and  in  other  places  they 
are  drawn  from  Voluntary  Aid  Detachments  of  the  Order 
of  St.  John  of  Jerusalem  in  England  and  the  British  Re'd 
Cross  Society.  The  bearers  carry  the  cot  to  the  ambulance 
or  ambulance  train  as  the  case  may  be,  and  there  it  is  placed 
in  position.  In  exchange  for  the  "  loaded  cot  "  the  ambu- 
lance or  the  ambulance  train  gives  a  clean,  empty,  and  fully- 
equipped  standard  cot  for  return  to  the  ship  from  which 
the  patient  was  received.  In  this  manner  the  fighting  ship 
always  maintains  her  complement  of  clean  cots. 

When  an  ambulance  or  train  is  filled  it  moves  off  to  its 
destination,  and  on  arrival  the  same  exchange  of  cots  is 
made  as  before,  and  so  on  throughout  each  hnk  until  the 
patient  is  finally  taken  out  of  his  original  cot  and  put  in 
bed  in  hospital.  By  this  method  there  is  a  constant  out- 
going stream  of  clean  cots  from  the  base  to  the  ships  at  sea 
all  ready  for  further  service.  Everything  connected  with 
the  laud  transport  of  wounded  is  maintained  in  a  state  of 
immediate  readiness,  and  finally,  and  most  important  of  all, 
the  wounded  themselves  are  spared  the  sufferings  caused 
by  repeated  transfers  from  ambulance  stretcher  to  ambu- 
lance train  and  back  again  to  another  ambulance  stretcher, 
etc.  Also  the  time  taken  thus  to  empty  an  ambulance  train 
is  very  brief,  and  the  delay  to  ordinary  passenger  traffic 
practically  itil.  At  the  large  naval  bases  arrangements 
exist  for  the  cleaning  of  all  cots  and  bedding,  and  a  store  of 
clean  cots  for  exchange  purposes  is  also  established. 

In  the  ambulance  trains  the  cots  are  suspended  in  two 
tiers  from  the  roofs  of  the  coaches.  They  are  prevented 
from  swinging  by  a  spring  clip,  devised  by  Staff  Surg§on 
Elder,  which  presses  the  cot  against  two  padded  buffers 
built  in  to  the  side  of  the  coach.  _  By  this  method  the  cot 


and  patient  do  not  form  a  component  part  of  the  coach. 
The  jolting  of  the  train  over  the  metals  is  largely  taken  up 
by  the  suspension,  while  lateral  jars  when  rounding  curves 
and  the  like  are  absorbed  by  the  padded  buffers.  Thus 
the  cot  has  just  enough  "play  "  for  comfort  and  110  more, 
while  the  train  is  under  way.  The  tension  of  the  spring 
clip  is  adjustable  at  will,  and,  unlike  the  "fixed  bunk," 
every  jarring  movement  of  the  coach  is  so  minimized  as 
practically  not  to  disturb  or  distress  the  patient.  The 
coaches  themselves  when  empty  of  cots  have  no  fittings 
except  a  few  chains  and  hooks,  and  are  easily  cleaned  and 
disinfected. 

As  regards  the  ambulances  in  general,  beyond  being 
fitted  specially  to  take  naval  cots  instead  of  the  military 
stretcher,  they  present  nothing  else  of  interest  except  a 
squadron  of  thirty  motor  buses.  These  buses  were  taken 
over  from  the  London  General  Omnibus  Company  at  the 
commencement  of  hostilities  and  were  fitted  with  spring 
trestles  on  which  the  cots  rest.  They  have  proved  satis- 
factory in  every  way  and  are  just  as  comfortable  for 
patients  as  the  latest  pattern  specially  built  ambulances. 

The  emergency  medical  depots  previously  referred  to 
and  located  at  various  places  along  the  coast  are  supplied 
with  "  cot,"  '•  clothing,"  "  hospital,"  and  "  medical  units  " 
respectively.  The  cot  unit  consists  of  completely  equipped 
service  cots,  which  can  be  used  to  form  the  nucleus  of  a 
temporary  hospital  in  suitable  local  buildings  selected  iu 
advance  for  this  purpose.  The  hospital  and  medical  units 
containing  all  the  necessary  utensils,  drugs,  and  dressings, 
etc.,  are  kept  available  for  immediate  use  iu  these  extem- 
porized hospitals.  The  clothing  unit,  as  its  name  implies, 
is  for  use  of  men  suffering  from  immersion  and  lack  of 
clothing,  so  as  to  enable  them  to  proceed  iu  dry  clothes  to 
wherever  they  ma}'  be  sent. 

In  addition  to  preparedness  for  "  The  Day,"  the  Medical 
Transport  Department  is  continuously  engaged  iu  the 
removal  of  ordinary  sick  from  the  fleet  at  the  various 
ports.  The  unloading  of  hospital  ships  from  the  fleet  and 
overseas  is  also  part  of  its  duties.  The  sick  are  taken 
each  to  his   home  port,  in   close  touch   with  friends  and 


Fig.  18.— Interior  of  Naval  .\mbulance. 

relatives.  During  the  journey  the  patients  are  fed,  each 
according  to  his  prescribed  dietary  scale.  In  fact,  every- 
thing is  done  for  them  while  in  the  train.  No  stops  are 
made  except  for  gas  and  water  or  railway  requirements 
when  they  arise.  Owing  to  the  pressure  on  the  railway 
systems  in  the  north  of  Scotland  the  full-sized  ambulance 
trains  do  not  as  a  rule  proceed  north  of  Edinburgh. 
Cases  are  brought  as  far  south  as  Edinburgh  from  the 
north  by  a  smaller  train,  a  class  of  conveyance  also  found 
convenient  and  economical  for  distributing  smaller  numbers 
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of  oases  to  auxiliary  hospitals,  and  so  aitlinr;  in  keeping 
the  sea  coast  hospitals  from  congestion  in  emergency. 

A  full-sized  naval  ambulance  ti'O.in  carries  136  cots  and 
a  smaller  sized  train  40  cots  and  36  sitting  cases.  On 
routine  journeys 
only  the  number 
of  patients  which 
a  train  lias  cot 
accommodation 
for  are  carried  as 
a  rule,  so  that 
every  patient  has 
a  cot  to  sleep  in 
at  night.  During 
daylight  hours 
sitting  accommo- 
dation is  provided 
for  non-cot  cases 
by  stacking  two 
cots  on  the  floor 
all  along  one  side 
of  the  coach,  a 
third  cot  being 
placed  sideways 
on  the  uppermost 
one,  and  resting 
against  the  side 
wall  of  the  coach. 
This  forms  a 
back-rest,  and  by 
this  means  very 
comfortable  sit- 
ting accommoda- 
tion   is   obtained 

which  allows  the  men  to  sit  back  and  stretch  their  legs, 
without  interfering  with  or  being  disturbed  by  the  ordinary 
traffic  through  the  coach.  Washable  canvas  covers  are 
supplied  for  use  when  cots  are  thus  stacked  to  keep  them 
from  being  soiled.  At  night  the  cots  are  slung  in  position 
and  the  coach  transformed  into  a  dormitory. 

All  the  trains  are  self-contained  and,  when  in  motion, 
self-supporting,  carrying  everything  in  the  way  of  pro- 
visions, stores,  and  so  forth,  likely  to  be  required  on  the 
journey. 

The  staff  consists  of  two  medical  officers  and  thirty- 
six  men,  including  cooks,  clerks — all  Auxiliary  Sick  Berth 
Reserve  ratings 
—  who  live  in 
the  train  con- 
tinuously. In 
fact,  the  trains 
are  practically 
c  o  ra  m  i  s  s  i  o  n  ed 
like  ships  and 
worked  as  such 
in  the  way  of 
duty,  regular 
sea  watches 
being  kept  day 
and  night.  For 
ordinary  routine 
journeys  nursing 
sisters  are  not 
carried,  but  a 
cabin  is  set  apart 
for  two  in  each 
train  for  use 
when  required, 
as  after  a  naval 
engagement  or 
when  any  cases 
calling  for  their 
presence  are 
being  trans- 
ported. The 
nursing  itself 
is  done,  as  in  the 
navy    afloat,   by 


Fig.  19  — bittuig  accoiDmndatiou,  amljulance  tram. 


or  as  required,  and  become  available  by  lifting  up  the  flap 
table.  .\t  one  end  of  each  of  these  coaches  two  padded 
rooms  are  fitted  for  the  more  violent  mental  cases. 

A  small  dressing  station  supplied  with  instruments  and 

drugs  is  also 
provided.  It 
ujay,  however, 
be  stated  here 
that,  practically 
speaking,  there  is 
very  little  to  be 
done  in  the  way 
of  "  dressings  " 
except  while 
the  train  is  at 
rest.  For  this 
reason  also 
no  "operating 
theatre"  has 
been  arranged,  on 
the  assumption 
that  a  case  likely 
to  require  opera- 
tion would  not  be 
travelling,  and 
also,  if  such  a 
case  were  en- 
countered, opera- 
tive measures 
would  probably 
have  to  be  ap- 
plied at  the  cot 
side — time  would 
not  permit  of  the 
or,  alternatively,  the 


trained  male  Sick  Berth  ratings. 
An  interesting  feature  of  the  large  naval  ambulance  trains 
is  what  is  known  as  the  "  Day  Coach."  It  is  fitted  along 
the  sides  with  sections  of  flap  tables,  lifting  upwards,  at  which 
non-cot  cases  can  sit  and  have  their  meals  or  do  anything 
else.  Under  these  tables  is  a  row  of  wash-basins  connected 
with  water  supply.    These  are  for  use  after  a  night  journey 


case  being  taken  to  the   "theatre" 

patient  would  be  landed  at  the  first  opportunity. 

A  portable  electric  signalling  device  is  fitted  at  each  end 
of  the  train  and  coupled  up  with  the  engine,  so  that  com- 
munication can  be  made  with  the  driver  by  means  of  a  code 
of  signals  with  reference  to  speed,  heating,  etc.  The  prin- 
cipal parts  of  the  train  are  connected  by  intercommunicating 
telephone.  The  trains  are  lighted  by  electricity — dynamo 
while  running  and  accumulator  when  at  rest.  Electric 
fans  are  fitted  where  requisite,  and  portable  lights  are 
arranged  tor  in  all  the  ward  coaches.  Gas  is  used  for 
cooking    only,    and   is    carried   under    the    kitchen    cars 

and  one  car  ad- 
joining  each 
kitchen,  the 
cylinders  being 
coupled  up  to- 
gether; thus  the 
danger  of  fire  is 
reduced  to  a  mini- 
mum. Heating  of 
the  coaches  is  by 
steam  from  the 
engine,  carried  in 
overhead  jjipes 
suspended  from 
the  roof.  While 
running  the  in- 
ternal air  current 
circulates  the 
heat  very  evenly, 
and  at  the  same 
time  the  floor 
space  is  clear  of 
any  obstacle 
which  might  get 
in  the  way  of  a 
bearer  party 
while  handling  a 
cot.  Sanitary 
arrangements  are 
ample — about  10 
per  cent,  of  the 
carrying  capacitj*  of  each  tram,  and  consist  of  water-sealed 
pans.  Arrangements  are  made  for  "  trapping  "  these  while 
trains  come  to  a  halt  for  any  length  of  time.  Large  storage 
capacity  for  water,  domestic  and  sanitary,  is  suppled  to 
each  train.  For  administrative  purposes  a  small  office  is 
fitted  u]i  centrally  in  the  train,  and  contains  typewriter, 
safe,  and  the  usual  office  furniture. 


Dav  Coach,  ambulance  train. 
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It  is  not  possible  in  a^few  pages  to  do  full  justice  to  the 
developments  of  British  surgery  during  the  war,  but  it  is 
reasonable  to  place  the  more  salient  facts  ou  record,  and  to 
summarize,  lio%vever  briefly,  the  present  position  of  surgical 
work  in  the  British  Expeditiouarj'  Force  in  France  and 
Belgium. 

The  REGiJiENT.iL  Medic  AL  Officer. 

It  is  unnecessary  to  write  at  length  ou  the  work  of  the 
regimental  medical  officer,  for  his  duties  in  this  war  are 
much  the  same  as  they  have  ever  been.  He  shares  the 
dangers  common  to  the  combatant  officers  and  men,  and 
stays  witii  his  battalion  or  brigade,  as  the  case  may  be. 
His  treatment  can  onl}'  be  that  of  first  aid,  but  he  and  his 
orderlies  liave  saved  innumerable  lives,  both  by  the  rescue  of 
wounded  comrades  from  dangerous  situations  and  by  careful 
rapid  transport  to  the  field  ambulance  sections  ia  the 
support  line. 

The  Field  Ambulance. 

At  this,  the  "advanced  dressing  station,"  there  is  a  per- 
sonnel of  two  or  three  medical  officers,  non-commissioned 
officers,  and  orderlies,  and  it  is  here  that  the  first-aid 
dressings  can  be  supplementefl  by  additional  dressings 
and  by  suitable  spHuts,  so  as  to  ensure  a  more  easy 
transit  to  the  "tent  section"  of  the  field  ambulance,  a 
mile  or  two  further  back. 

The  field  ambulance  has  not  needed  to  undergo  auy 
very  radical  changes  during  the  war,  but  its  surgical  equip- 
ment has  been  very  greatly  improved  and  increased,  so 
that  it  is  in  all  respects  well  supplied  for  the  performance 
of  auy  urgent  operation  undertaken  for  conditions  w-hich 
do  not  require  that  the  patients  should  be  retained  for  any 
length  of  time. 

Tlie  following  instructions,  which  are  amongst  those 
issued  in  all  the  "armies"  at  the  front,  will  best  indicate 
the  limitations  of  their  work : 

(1)  Only  operations  of  emergency  should  be  performed  in 
field  ambulances,  but  the  following  exceptions  must  be 
noted  : 

(a)  Completely  smashed  limbs  should  be  removed,  and 
the  patients  retained  for  at  least  a  clay  before  being  sent  to 
a  casualty  clearing  station. 

(6)  Haemorrhage  should  be  arrested  by  ligature  of  bleeding 
points  whenever  possible.  If  this  is"  not  possible,  then 
plugging  or  direct  pressure  on  the  wound  itself  should  be 
resorted  to.  Patients  should  never  be  sent  down  with 
touruicjuets  on  their  limbs. 

(2)  Abdominal  wounds  and  all  severe  cases  requiring  early 
treatment  at  a  casualty  clearing  station  should  lie  sent  there 
by  a  special  motorambulance  direct  from  the  advanced  dressing 
station.  They  should  not  be  kept  waiting  for  the  regular 
convoys. 

A  further  development  of  the  tent  section  resulted  from 
the  conditions  at  the  battle  of  the  Somme,  where,  on 
account  of  the  small  area  and  the  few  good  roads,  "corps 
dressing  stations"  were  created  by  joining  up  some 
members  of  the  staffs  of  various  field  ambulances,  so  as 
to  supply  tent  accommodation  for  a  thousand  or  more 
wounded,  with  a  staff  of  about  thirty  medical  officers.  A 
unit  such  as  this  performed  the  duties  ordinarilj'  per- 
formed by  several  separate  field  ambulances,  and  proved 
very  successful  as  well  as  economical  in  medical  officers 
and  orderlies. 

Motor  Ambulances. 

It  is  unnecessary  to  write  much  ou  a  subject  which  is 
already  thoroughly  well  known  to  all,  but  it  is  the  supply 
of  motor  ambulances  alone  that  has  enabled  us  to  deal 
adequately  with  tlie  surgery  at  tlie  front.  One  aspect 
of  this  subject,  however,  is  very  commonly  overlooked, 
namely,  the  use  of  motor  transport  in  saving  the  wounded 
from  capture,  for  there  can  be  no  doubt  that,  had  motor 
ambulances  been  supplied  in  large  numbers,  the  tale  of 
British  prisoners  after  Mens  and  Le  Catean  would  have 
been  very  small.  The  first  complete  convoy  came  to  the 
front  in  the  middle  of  October,  and  at  the  first  battle  of 
Y'pres  was  of  the  utmost  possible  value,    both   in   gettiu" 


patients  quickly  to  the  casualty  clearing  stations  and  also 
in  saving  wounded  from  falling  into  the  hands  of  the  enemy 
during  our  retirement  to  the  ground  we  subsequently  hekl 
Without  the  motor  ambulance  the  wliole  system  would 
break  down,  for  no  horsed  vehicles  could  possibly  deal  with 
the  numbers  of  a  heavy  fight  unless  they  were  so  numerous 
that  they  would  practically  block  the  roads  for  all  other 
transport,  and  even  then  their  slowness  would  result  in  such 
delays  in  delivery  that  surgery  would  be  of  little  use.  In 
addition,  the  well  hung  and  well  driven  motor  causes  the 
patient  infinitely  less  distressthan  theold  ambulance  wagon, 
and  so  delivers  him  in  a  much  better  condition  for  recovery. 

The  Question  of  Time. 

This  is  a  matter  of  so  much  importance  to  surgery  that 
it  is  well  to  explain  the  time  that  is  required  to  take  a 
patient  from  the  front  trenches  to  the  casualty  clearing 
station.  It  is,  in  the  first  place,  not  sufficiently  realized 
that  the  chief  cause  of  delay,  if  it  occurs,  is  "  the  enemy," 
for  there  have  often  been,  and  there  still  are,  localities 
from  wdiich  the  wounded  can  only  be  moved  under  cover 
of  darkness,  so  that  a  man  may  have  to  be  kept  in  a  dug- 
out the  wliole  of  a  long  summer's  day  before  he  can  be 
carried  to  the  rear.  Again,  in  the  desert  of  mud  beliind 
the  firing  line  on  the  Somme  stretcher-bearers  sometimes 
took  hours  to  carry  a  wounded  man  at  night  for  several 
miles  to  the  nearest  point  to  which,  in  the  absence  of  all 
roads,  an  ambulance  wagon  could  approach.  lu  yet  other 
cases  men  lie  out  in  the  open  ground  ou  the  so-called 
"  No  Man's  Land  "  for  many  hours,  or  even  for  several 
days,  before  they  are  rescued.  But  supposing  that  none  of 
these  difficulties  exist,  the  time  occupied  is  very  short,  tor, 
if  communication  trenches  are  good,  and  if  a  man  is 
able  to  walk,  he  will  often  get  to  the  advanced  sections 
of  the  nearest  field  ambulance  witliin  an  hour.  If  the 
communication  trench  is  long  and  muddy,  it  may  take 
twice  that  time.  If  he  has  to  be  carried  it  may  take 
another  half-liour  or  more,  but  as  soon  as  he  has  got  to  a 
good  road  another  hour  will  see  him  safely  delivered  to 
the  place  where  his  injuries  can  be  thoroughly  treated  and 
where  he  can  be  well  nursed  under  excellent  conditions. 

All  this  is  comparatively  simple  if  no  great  battle  is  in 
progress;  and  as  great  battles  occur  at  infrequent  intervals, 
it  is  evident  that  in  most  parts  of  the  line  of  trenches 
evacuation  is  easy  and  rapid  except  for  unusual  local 
conditions.  But  in  very  heavy  fighting,  and  especially 
when  troops  are  advancing,  it  is  often  impossible  to  find 
sufficient  stretcher-bearers  in  proportion  to  the  great 
numbers  of  wounded,  for  only  a  limited  number  are 
attached  to  each  regiment,  and  it  is  therefore  necessarily 
true  that  the  greater  the  number  of  the  wounded  who 
have  to  be  carried,  the  longer  must  it  be  before  the  last  of 
them  can  be  brought  in.  No  work  is  heavier  than  stretcher 
carrying  for  long  distances  and  on  difficult  ground  ;  and  as 
men  become  exhausted  their  pace  becomes  slower,  and 
they  are  obliged  to  rest  at  more  frequent  intervals.  But 
even  when  all  difficulties  have  been  surmounted  and  the 
patients  have  arrived  at  the  tent  sections  of  a  field  ambu- 
lance, there  are  manj'  wdio  are  too  much  exhausted  for 
further  immediate  moving;  and  while  the  staff  ma}'  have 
their  hands  full  with  dressing  the  wounded,  they  have  also 
to  care  for  the  needs  of  the  many  men  who  need  to  be 
rested,  fed,  and  warmed.  While  they  are  thus  engaged  on 
these  patients,  all  those  who  require  urgent  treatment  by 
operation  have  beeu  taken  direct  to  the  casualty  clearing 
stations,  antl  thus  have  avoided  delay. 

The  speed  with  which  even  patients  who  have  to  be 
carried  can  be  brought  in  is  best  shown  by  taking  the  case 
of  a  consecutive  series  of  abdominal  wounds  at  one  of  the 
more  advanced  units.  The  following  are  the  figures,  and 
they  show  both  how  quickly  men  can  be  brought  in  when 
there  are  no  unusual  difficulties,  and  also  how  long  it 
may  be  before  a  man  can  be  rescued  when  an  attack  has 
been  temporarily  driven  back. 
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TimeofEcacuaUon  to  GanuilUr.CUurinn  SUiiUdi. 

Under  3  hours 
Between  3  and  4  liours 
4  and  5 


5  and  6 


Between  6  and   9  liovirs 
9  and  12     ,. 


Between  12  and  18)tiour3  ... 
18  and  24      


241 
20! 

24; 
10  1 

—  ■73   ,      ' 

6  lioius. 

134 

-    in  first 

34  , 
22 

56 
n  second 

;i2  hours. 

6  honx"s.  ' 

.        ...    25 
.        ...     10 

35 
■  in  second 

12  hours. 

169 
in  first 
24  hours. 


Over  24  hours -jl 

The  Casualty  Clearing  Stations. 
The  development  of  the  casualty  clearing  stations  has 
been  the  most  important  factor  in  the  creation  of  a  new 
school  of  surgery  at  the  front,  and  it  is  not  too  much  to 
say  that  they  have  saved  many  thousands  of  lives  which 
would  have  been  lost  but  for  the  surgical  opportunities 
which  they  have  provided. 

Before  the  war  the  "  C.C.S.'s,"  as  they  may  be  named 
for  brevity,  appeared  only  on  paper  and  as  untried  units, 
for  they  did  not  exist  at  the  time  of  the  South  African 
war.  They  were  originally  called  "clearing  hospitals," 
and  their  proposed  function  was  merely  to  clear  the 
field  ambulances 
and  pass  the 
patients  on  to  the 
base  hospitals. 
Their  equipment, 
therefore,  was  only 
verj'  slight,  and 
their  staff  of  eight 
officers,  including 
the  command  officer 
and  the  quarter- 
master, was  less 
than  the  staff  of  a 
fi  e  1  d  ambulance. 
They  carried  200 
stretchers,  and  were 
supposed  to  be  able 
to  deal  with  the 
same  number  of 
patients. 

It  is  not  neces- 
sary to  enter  into 
details  to  show  how 
the  six  casualty 
clearing  stations, 
which  came  with 
the  original  Ex- 
peditionary Force, 
were  overtaxed,  for, 
in  spite  of  this,  it 
became  very  evident 
during   the     first 

battle  of  Ypres  that  the  casualty  clearing  stations  might 
well  be  made  the  nucleus  around  which  to  build  an  efficient 
organization  for  much  more  complete  surgical  treatment 
than  had  been  contemplated  when  they  were  first  planned. 
The  first  change  was  the  supply  of  bedsteads  and  bedding 
and  the  appointment  of  trained  nurses ;  the  next  was  the 
addition  of  more  surgical  equipment  in  the  way  of  instru- 
ments, splints,  sterilizing  apparatus,  etc.  The  selection  of 
special  surgeons  was  a  natural  consequence,  and  before  the 
end  of  the  year  1914  good  surgical  work  was  being  done 
at  eight  centres.  Since  that  time  there  has  been  further 
development  and  progress,  and  by  the  end  of  1916  more 
than  fifty  casualty  clearing  stations  were  at  work. 

These  hospitals,  for  such  we  can  call  them,  are  situated 
behind  the  line  of  trendies  along  the  entire  front,  and 
certain  local  conditions  are  essential  for  the  success  of 
their  work.  First,  they  must  be  at  or  near  to  railway 
sidings,  so  that  evacuation  by  train  is  easy.  Secondly, 
they  must  be  where  good  roads  can  connect  them 
with  the  front.  Thirdly,  they  must  have  a  good  water 
supply. 

They  are  arranged  in  practically  two  series :  (1)  Those 
nearest  the  front  ai-e  at  a  distance  of  from  six  to  nine 
miles  from  the  front  trenches;  (2)  those  of  the  second  line 
are  from  three  to  six  miles  further  back,  and  act  as  a 
reserve  during  active  operations,  or  as  units  for  special 
cases  during  quieter  times. 


The  casualty  clearing  stations  vary  greatly  in  their 
accommodation,  according  to  the  size  of  the  buildings  they 
may  occui)y,  or  to  the  amount  of  ground  available  for  huts 
or  tents  when  tlicy  arc  encamped.  The  smallest  accommo- 
date 400  to  500,  and  the  largest  from  800  to  1,200.  Their 
staff  is  reinforced,  as  may  be  required,  from  other  casualty 
clearing  stations  less  actively  employed,  and  from  the 
staffs  of  the  field  ambulances. 

Wherever  possible  the  casualty  clearing  stations  at  the 
front  are  linked  in  pairs,  and  take  in  the  wounded  alter- 
nately. In  this  way  it  can  be  arranged  that,  after  admitting 
as  many  as  can  be  adequately  treated,  the  wounded  are 
diverted  to  the  other  casualty  clearing  station,  and  the 
staff  is  left  free  to  treat  those  they  have  admitted,  without 
being  disturbed  by  fresh  arrivals. 

Ojierating  Theatres. 
When  a  casualty  clearing  station  is  housed  in  buildings 
tliese  theatres  must,  of  course,  vary  in  size  with  the  accom- 
modation afforded.  In  the  hutted  or  tented  hospitals, 
however,  which  arc  the  most  numerous,  the  operating 
theatre  is  a  hut  about  60  ft.  by  20  ft.,  giving  space  for  four 
tables,  and  for  sterilizing  and  store  rooms.  Large  tlieatres 
are  essential  in  dealing  with  large  numbers. 

The  Treatment  oj 
Wounds  in  the 
Casualty  Clear- 
ing Stations. 
It  is  the  object 
of  every  casualty 
clearing  station  to 
treat  and  retain  all 
patients  until  they 
can  be  safely  sent 
down  by  ambulance 
train.  In  times  of 
compai'ative  quiet 
there  is  no  diffi- 
culty in  attaining 
this  ideal,  and  con- 
sequently, what- 
ever standard  of 
treatment  is  r e  - 
quired  from  the 
surgical  standpoint 
can  ordinarily  be 
attained.  In  times 
of  heavy  fighting, 
and  especially  when 
there  is  the  cer- 
tainty that  many 
more  wounded  will 
arrive  during 
periods  extending 
over  days  or  weeks, 
it  is  evident  that  the  provision  of  empty  beds  necessi- 
tates sendiug  patients  away  who  might,  with  advantage, 
be  retained  a  little  longer.  This  pressure,  however, 
does  not  prevent  the  performance  of  all  really  necessary 
operations,  and  these  are  now  always  performed.  If 
the  requirements  of  our  army  did  not  place  a  limit 
on  the  number  of  surgeons,  nurses,  orderlies  and  patients 
who  can  be  retained  in  close  proximity  to  the  fight- 
ing fine,  there  would  be  no  reason  why  all  patients 
should  not  be  kept  near  the  front,  but  it  must  be 
clearly  appreciated  both  that  there  is  this  limit  in 
every  war,  and  also  that  casualty  clearing  stations  are 
maintaiued  everywhere  in  as  great  numbers  as  the  military 
authorities  can  permit.  It  must  also  be  remembered  that 
if  many  hundreds  of  patients  were  kept  in  every  casualty 
clearing  station  the  staff  of  nurses  and  orderlies  would  be 
so  much  occupied  in  dressing  and  caring  for  them  that 
they  would  not  be  free  to  attend  to  the  wants  of  the 
recently  wounded  men  coming  in  convoys  from  the  field 
ambulances. 

For  more  than  two  years  it  has  been  the  deliberate 
policy  of  the  British  Army  Medical  Service  to  make  the 
casualty  clearing  station  the  chief  place  for  the  treatment 
by  operation  of  the  dangerously  wounded  man  who  requires 
prompt  treatment,  rather  than  the  field  ambulances.  The 
latter  is  too  mobile  and  too  frequently  moved  a  unit  to  be 
thoroughly  well  equipped   surgically,  and,  in  addition,  it 


Fig.  1.— Interior  of  regimental  aid  post. 
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has  been  proved  to  be  much  better  to  move  a  patient  before 
an  operation  to  a  place  where  lie  can  be  kept  and  nursed 
for  several  days  rather  than  to  move  him  directly  after  he 
has  been  operated  upon. 


Dressing  and  Distribution  of  the  Woujuled  at  a  Casualty 
Charing  Station. 

It  is  now  the  custom  of  all  casualty  clearing  stations  to 
dress  their  patients  in  large  reception  huts  or  tents  as  soon 
as  they  arrive,  and  to  distribute  them  from  this  place  in 
three  classes;  (1)  For  immediate  evacuation;  (2)  for  re- 
tention; (3)  for  operation.  In  the  first  class  are  included 
chiefly  the  slightly  wounded.  In  the  second  class  are 
patients  suffering  from  shock,  from  the  effects  of  bleeding, 
from  wouads  of  the  lung,  from  exposure  to  cold.  etc.  In 
the  third  class  are  all  serious  wounds  of  the  soft  tissues 
which  require  thorough  dressing,  and  especially  lacerated 
wounds  due  to  shells  and  bombs ;  most  fractures ;  many 
injuries  of  vessels;  all  perforating  abdominal  wounds,  etc. 

The  proportion  of  cases  requiring  operations  to  the 
whole  number  of  wounded  will  depend  on  many  conditions 
— for  example,  the  larger  the  proportion  of  shell  wounds  to 
bullet  wounds  the  larger  is  the  number  requiring  opera- 
tion, and  it  a  train  is  waiting  to  go  to  the  base,  men  may 
be  sent  by  it  who  would  require  operation  if  they  had  to 
be  kept  for  thirty-six  hours.  But  it  may  be  stated  in 
general  terms  that  the  proportion  of  patients  treated  under 
anaesthetics  may  be  as  high  as  one  in  four,  but  is  more 
often  about  one  in  six. 

The  following  table,  compiled  by  Captain  Hey,  who  is 
the  Surgical  Specialist  at  one  of  the  forward  casualty 
clearing  stations,  will  give  a  very  good  idea  of  the 
operating  work  of  a  particular  unit,  and  it  includes  a 
period  of  heavy  fighting  during  a  recent  battle  : 


Table  of  Operations  Performed  at  a  Casiialtg  Clearing  Station. 


M.  Excision  and  cleansing  of  wounds  : 
Head  and  neck 
Trunk 

Upper  limb  ... 
Lower  limb  ... 
Multiple 


N.  For  conditions  not  due  to  gunshot  wounds  : 
,    Appentlicitls ... 

Strangulated  hernia  ... 

Cellulitis 

Various 


Ligature  of  arteries : 
Carotid 
Vertebral 
Subclavian    ... 
Axillary 
Brachial 
Radial 
Ulnar 
Ext.  iliac 
Femoral 
Popliteal 
Ant.  tibial 
Post,  tibial    ... 
Various 


For  treatment  of  fractures  : 

Skull  

Vertebrae 
Humerus 
Forearm 
Femur 

Leg 

Jaws 
Various 


C.  For  treatment  of  joints: 
Knee 
Other  joints  ... 


D.  Amputations : 
Shoulder  joint 
Upper  arm     ... 
Forearm 
Thigh 
Knee... 

Leg 

Ankle 
Various 


E.  For  drainage  of  pleura 

P.  For  wounds  of  the  abdomen 

G.  Removal  of  testis 

H.  For  ruptured  urethra 

J.    Enucleation  of  eye     ... 

K.  Plastic  operations 

L.  Tracheotomy... 


...  5 

...  2 

...  2 

...  15 

..  39 

...  18 

...  8 

...  2 

...  51 

...  31 

...  16 

..  58 

...  30 

277 

..  189 

...  18 

..  298 

..  133 

..  299 

..  309 

..  38 

..  119 

1,403 

..  183 
..     64 

247 

14 
77 
31 
186 
10 
76 
6 
31 

431 
49 

106 
33 
9 
43 
33 
17 

280 


.    95 

.  309 
..  249 
..  765 
.  398 

1816 

.  34 

,.  1 

.  53 

.  13 

101 

It  will  be  seen  that  the  total  number  of  operations  per- 
formed for  gunshot  wounds  amounts  to  4,554,  and  the 
total  number  of  wounded  admitted  during  the  period  in 
question  was  20,589  in  this  particular  unit.  It  will  be 
noticed  that  a  very  large  majority  of  the  operations  were 
for  fractures  of  tlie  limbs  and  wounds  of  the  soft  tissues 
which  re(]uired  complete  surgical  clearing.  The  proportion 
of  abdominal  operations  would  have  been  higher  but  for 
the  fact  that  an  "  advanced  operating  centre  "  was  near  at 
hand,  and  took  charge  of  many  cases  of  this  class. 

During  heavy  fighting,  operating  work  such  as  the 
above  goes  on  continuously  day  and  night,  and  conse- 
quently necessitates  relays  of  surgeons,  nurses,  and 
orderlies.  The  work  is  exceedingly  trying,  and  it  must  be 
reckoned  on  that  not  a  few  of  the  staff  will  be  more  or  less 
knocked  up  after  three  or  four  weeks  of  it.  But  it  is  also 
quite  certain  that  the  early  and  thorough  treatment  of  a 
very  large  proportion  of  all  wounds  has  done  more  than 
anything  else  to  save  both  much  suffering  and  many  lives. 

Adv.\nced  Oper.\ting  Centres. 
It  has  sometimes  been  found  that  difficulties  of  locality 
have  prevented  the  placing  of  so  large  a  unit  as  a  casualty 
clearing  station  exactly  where  its  position  should  have  been 
when  heavy  fighting  has  been  expected,  and  in  such  cases  a. 
smaller  unit  has  been  placed  so  as  to  deal  with  the  most 
urgent  cases,  and  especially  with  those  which  required 
prompt  operation.  .These  small  special  hospitals  of  fifty  to 
sixty  beds  have  done  excellent  work,  and  a  very  large  pro- 
portion of  their  cases  have  been  abdominal  wounds.  The 
large  number  of  the  casualty  clearing  stations  has  proven  ted 
any  necessity  for  creating  many  such  units,  for  the  casualty 
clearing  stations  are  usually  as  well  placed  as  is 
the  special  hospital,  and  the  greater  number  of  all  the 
abdomina.1  operations  have  been  performed  in  them. 

■  ..  Special  Hospitals. 

Sjjecial  Hospitals  for  Head  Cases. 

Operations  for  wounds  of  the  head  are  dealt  with  in  a 
subsequent  section,  and  all  that  need  be  said  here  is  that 
it  has  been  found  advisable  to  retain  a  considerable 
number  of  these  cases  near  the  front  either  in  stationary 
or  general  hospitals,  or  else  in  a  casualty  clearing  station 
of  the  reserve.  Tbey  do  not  need  the  immediate  opei'a- 
tions  required  for  abdominal  cases,  and  are  consequently 
provided  for  further  back. 

Special  Hospitals  for  Sliell  SJioclt. 
It  is  very  desirable  to  remove   such    cases    from    the 
sound  of  shelling,   and,  as  they  require  special  treatment 
for  some  time,  they  also  are  dealt  with  in  the  rear  of  the 
front  line  of  casualty  clearing  stations. 

Special  Hospitals  for  Diseases   of  the   SJiin. 
These  deal   mainly,  but   not   exclusively,  with  scabies, 
and   the   work   is   usually   undertaken    by    the   casualty 
clearing  stations  of  the  second  line. 

StationariJ  Hosjjitals  at  the  Front. 
A  few  of  these  units,  which  normally  belong  to  the  line 
of  communication,  also  find  a  place  at  the  front.  So  much 
of  the  work  which  would  previously  have  been  done  in 
them  is  now  performed  by  the  casualty  clearing  stations 
that,  in  proportion  as  the  latter  have  increased,  the 
need  for  the  stationary  hospitals  lias  diminished.  Those 
that  are  at  the  front  are  commonly  engaged  more  in 
the  treatment  of  the  sick  than  of  the  wounded,  or  else  in 
treating  some  special  class  of  case,  such  as  injuries  of 
the  head  or  shell  shock. 
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X  Rays. 

At  the  beginning  of  tlie  war  x  rays  were  not  supplied 
at  the  front,  but,  coincidoutly  with  the  development  of 
operating  worlc  in  the  casualty  clearing  stations,  the  need 
of  these  became  apparent.  At  first  mobile  x-ray  vans  were 
supplied,  but,  as  demands  for  these  increased,  it  became 
necessary  to  supply  stationary  plants  as  well,  more  espe- 
cially to  those  casualty  clearing  stations  to  whose  share  it 
fell  to  do  most  of  the  operations  ;  and,  not  only  have  x  rays 
been  of  great  service  in  guidiug  the  operator,  but  in  many 
of  the  abdominal  wounds  where  the  missile  has  been  re- 
tained they  have  been  of  the  greatest  service  to  the  surgeon 
in  deciding  whether  or  no  oijeration  should  be  done  at  all. 
In  many  other  cases,  such  as  some  of  the  wounds  of  the 
head  or  of  the  knee-joint,  it  has  been  found  better  not  to 
undertake  an  operation  without  a  preliminary  ,r-ray  exami- 
nation, so  that  in  the  present  stage  of  development  of 
surgery  at  the  front  the  .r-ray  plant  has  become  essential 
for  the  work  of  the  casualty  clearing  stations. 

Anaesthetics. 

At  the  begiuniug  of  the  war  chloroform  was  iu  general 
use,  but  it  was  evident  that  there  were  many  objections  to 
its   universal    application, 
and     other    agents     were 
soon  employed  as  well. 

Eiher  has  been  largely 
used,  and  was  formerly 
administered  by  the  open 
method,  but  experience 
has  shown  that  it  is 
often  inadvisable  to  use 
it  thus  because  of  its  ten- 
dency to  irritate  the  air 
passages.  For  at  least  six 
months  of  the  year  the 
men  who  are  exposed  to 
the  wet  and  cold  in  the 
trench  area  are  suffering 
in  very  large  numbers 
from  catarrhs  of  varying 
degrees  of  severity,  and 
in  many  of  them  these 
are  accentuated  by  the 
further  exposure  which 
follows  on  a  wound,  espe- 
cially when  a  man  falls 
or  lies  in  mud  or  water. 
The  result  is  that  the 
administration  of  any 
anaesthetic  commonly  sets 
up  so  much  bronchial  irri- 
tation that  the  patient's 
life  is  endangered  by  an 
attack  of  bronchitis  or 
bronchopneumonia.  These 
complications  are  specially 
dangerous  iu  cases  of 
abdominal  wounds  where 
abdominal    respiration    is 

difficult  aud  wliere  coughing  up  of  mucus  is  often  impossible 
because  of  pain  or  intestinal  distension.  It  is  indeed  a 
fact  that  a  very  large  proportion  of  all  the  deaths  follow- 
ing abdominal  wounds  and  operations  are  due  to  lung 
complications,  and  these  injuries  are  at  least  twice  as 
fatal  in  the  winter  as   iu  the  summer. 

Dr.  Shipway's  apparatus  for  the  administration  of  warm 
ether  vapour  has  been  of  the  greatest  value  under  those 
circumstances,  aud  it  is  in  common  use  in  all  the  clearing 
stations.  We  have  found  that  it  possesses  the  following 
advantages : 

1.  There  is  very  little  secretion  of  mucus  or  saliva,  aud 
the  patient  is  very  quiet  during  the  operation. 

2.  There  is  less  sickness,  probably  because  of  the 
lessened  quantity  of  mucus  swallowed. 

3.  There  is  much  less  tendency  to  bronchitis  and 
pneumonia. 

4.  The  ether  used  is  not  more  than  one-third  of  that 
employed  by  the  open  method,  and,  as  a  consequence,  it 
bulks  less  largely  in  transport. 

5.  Patients  suffering  from  shock  or  haemorrhage  can  be 
pulled  through  an  operation  with  less  collapse  than  by 
other  methods. 
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6.  It  can  be  connected  with  an  oxygen  cylinder,  and  the 
ether  vapour  can  be  administered  in  combination  with 
oxygen  in  cases  of  shock. 

The  subject  of  the  administration  of  anaesthetics  at  the 
front  is  decribed  more  fully  in  the  paper  by  Captain 
Geoffrey  Marshall  printed  on  a  later  page. 

The  Use  of  Antiseptics. 
It  may  be  stated  in  general  terms  that  it  is  the  custom 
at  the  front  to  use  antiseptics  in  the  treatment  of  wounds, 
both  at  the  field  ambulances  and  the  casualty  clearing 
stations.  No  attempt  is  made  to  use  antiseptic  agents  to 
disinfect  the  wounds  on  the  field  at  the  time  of  injury,  for 
all  who  know  the  character  of  the  wounds  and  the  condi- 
tions of  the  wounded  men,  are  agreed  as  to  the  complete 
futility  of  all  such  efforts,  even  if  this  had  not  been  com- 
pletely demonstrated  during  this  war.  But  experience 
has  also  shown  that  in  France  and  Belgium  the  wounds 
are  so  heavily  infected  from  the  soil  that  it  is  most 
necessary  iu  all  but  the  smallest  wounds  to  excise  very 
freely  all  the  exposed  and  torn  tissues  which  have  been 
killed  or  else  partially  devitalized  by  the  injury,  and 
which  are  ingrained  with  dirt  or   portions  of  clothing.     If 

this  treatment  is  not 
carried  out  very  thoroughly 
aud  carefully,  and  if  free 
drainage  is  not  secured, 
the  gravest  forms  of  sepsis 
may  commence  in  serious 
wounds  in  a  very  few 
hours.  It  is  common  ex- 
perience that  if  a  badly 
wounded  man  cannot  be 
rescued  and  brought  into 
the  field  ambulance  until 
after  the  lapse  of  twenty- 
four  or  thirty-six  hours, 
the  wound  is  often  already 
so  badly  infected  and  the 
patient  himself  is  in  so 
toxic  a  state  that  surgical 
treatment  has  but  little 
chance.  It  may  be  said 
truly  that  the  most  im- 
portant alteration  in  treat- 
ment since  the  early  days 
of  the  war  is  that  excision 
of  damaged  tissue  has 
become  the  routine  method 
and  that  the  earlier  it  is 
carried  out  the  more  likely 
it  is  to  be  successful. 

"  Eusol  "  and  "  Dal'ln's 

Fluid:' 
Very     many     antiseptic 
agents  have  been  employed, 
coimiiumcatiou  and  there  is  naturally  some 

diversity  of  opinion  as 
to  which  is  the  best. 
There  is  no  doubt,  however,  that  at  the  present  time 
hypochlorous  acid  iu  the  form  known  as  "  eusol,"  or 
the  hypochlorite  of  soda  in  the  solution  known  as 
'•  Dakiu's  fluid,"  are  more  extensively  used  than  any 
others.  The  method  of  Dr.  Carrel  has  been  increasingly 
employed  for  the  past  year,  aud  wounds  treated  in  this 
way  have  done  exceptionally  well,  although  it  is  not 
always  possible  to  employ  the  method  universally  at 
a  time  when  the  wounded  are  in  very  great  numbers. 
At  other  times  there  is  no  difficulty,  and  in  order  to  estab- 
lish continuity  of  treatment  Dr.  Carrel's  method  is  freely 
employed  on  every  ambulance  train  taking  wounded  to 
the  base  hospitals. 

Hijdroqen  Peroxide. 
This  is  not  highly  esteemed  as  a  potent  antiseptic,  but  it 
is  of  great  service  in  loosening  adherent  dressings,  and  so 
preventing  paiu  and  injury  to  the  soft  tissues  by  forcible 
separation  of  gauze  or  wool. 

Carbolic  Acid. 
At  an  early  stage  of    tlie  war,  and  in  consequence  of 
representations  made  by  surgeons  in   England,   attempts 
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■were  made  to  sterilize  recent  wounds  by  pure  carbolic 
acid.  They  entirely  failed  to  achieve  this  object,  but 
solutions  of  a  strength  of  1  in  20  or  1  in  40  are  in  common 
use,  and  many  surgeons  have  had  a  very  favourable  experi- 
ence in  using 
equal  parts  of 
solutions  o  f 
carbolic  acid 
and  hydrogen 
peroxide. 


Sodium  Chlo- 
ride. 
The  hyper- 
tonic salt  solu- 
tion has  not 
proved  suc- 
cessful at  the 
front,  and  at 
the  present 
time  is  hardly 
used  at  all. 
The  wounds 
treated  by  it 
■were  usually 
very  slow  in 
healing,  and 
the  granula- 
tions ■were 
generally  pale, 
flabby,  and 
much  over- 
grown. There 
has  also  been 
a  good  deal  of 
evidence  to 
show  that 
secondary    haemorrhage 


Fig.  3- — Advauced  dressing  station  of  tield  ambalauce 


is  not  nearly  so  frequent  an 
occurrence  since  hypertonic  saline  has  been  displaced  by 
other  antiseptics.  This  is  not  at  all  surprising  when  it  is 
considered  that  rapid  cicatrization  is  the  best  safeguard 
against  this  complication. 

The  salt  pach  largely  used  at  Rouen  is  also  to  a  great 
extent  supplanted  by  the  employment  of  '■  eusol  "  and 
"  Dakin's  fluid."  It  is,  however,  at  the  front  a  useful 
method  of  treatment  of  large  open  wounds  in  patients 
who  are  in  transit  by  train.  It  does  not  need  to  be 
disturbed  for 
several  days,  and 
when  there  are 
large  numbers  of 
wounded  to  dress 
this  is  a  very 
great  advantage. 

B.I. P. 
The  mixture  of 
bismuth  subnitrate. 
iodoform,  and 
paraffin,  re-com- 
mended by  Pro- 
fessor Rutherford 
Morison  for  sup- 
purating wounds 
(B.I.P.),  has  also 
heen  used  for  the 
past  few  months 
on  recent  -ivounds 
of  the  soft  tissues, 
and  also  in  cases 
of  fracture.  The 
results  have  been 
good,  and  encourage 
the  further  use  of 
this  remedy  at  the 
front.  The  fact 
that  the  wounds  do 
not    need   dressing 

for  several  days  gives  it  the  same  advantage  as  the  salt 
pack,  while  its  use  permits  of  an  early  closure  of  the 
wound,  and  this  is  an  additional  advantage. 

Shock,  and  the  Condition  of  Wounded  Men. 
The  condition   of   wounded  men   necessarily  differs   as 
wounds   are   more   or  less   severe,   but   in   even    slightly 


■\vouuded  men  there  may  have  been  much  bleeding,  ex- 
posure to  cold,  want  of  sleep,  or  want  of  food.  If  to  these 
are  added  severe  jjain  and  the  exhaustion  due  to  a 
liazardous  journey  over  broken  roads,  it  is  easy  to  appre- 
ciate that  very 
many  patients 
arrive  in  a 
state  border- 
ing on  col- 
lapse. Expe- 
r  i  e  n  c  e  has 
shown,  as  a 
result  of  know- 
ledge of  these 
conditions, 
that  it  is  not 
possible  to 
estimate  accu- 
rately tlie  real 
condition  of 
the  p  a  ti  e  n  t 
until  he  has 
been  rested 
and  warmed, 
and  has  taken 
food;  and 
especially  in 
winter  time 
the  most  im- 
port a  u  t  of 
these  remedial 
measures  is 
undoubtedly 
warmth.  This 
may  be  ap- 
plied by  warm 
bla  n  kets 
after  the  removal  of  wet  clothes,  or  by  hot  bottles.  But  in 
more  severe  cases  we  employ  a  "  light  bath  "  of  electric 
lamps  beneath  a  cradle,  or  else  a  "hot-aii  bath"  extem- 
porized by  leading  under  the  bedclothes  a  pipe  con- 
nected with  a  primus  stove.  Hot  liquid  food  is  good  if 
the  patient  can  take  it,  but  he  is  often  nauseated  or 
actually  sick  in  the  worst  cases  of  shock,  and  then  small 
enemata  with  brandy  are  very  useful.  Warmth  and  rest  are, 
however,  of  more  importance  than  nourishment,  and  if  the 
patient  goes  to  sleep,  as  he  very  often  does,  it  is  best  to 

leave 


turbed 
time. 


him     undis- 
for     some 


Fig.  4. — Interior  of  advanced  dressing  station. 


Phimaky  Ampcta- 

TIONS. 

Unless  a  man  is 
bleeding  it  is  usual 
to  treat  him  as  has 
just  been  described 
before  any  opera- 
tion is  performed, 
but  it  is  often 
necessary  to  post- 
pone amputation 
for  as  long  as  a 
day,  or  even  two 
days,  if  the  removal 
of  the  limb  is  to  be 
done  at  the  thigh. 
Many  men  will 
survive  if  the}'  are 
allowed  sufficient 
time  to  get  com- 
pletely over  the 
shock  of  the  injury 
and  its  attendant 
conditions.  wIjo 
Would  certainly  die 
if  subjected  to 
immediate  opera- 
tion, and  the  more  experienced  the  surgeon  the  less  is 
he  likely  to  hurry  on  a  severe  primary  amputation. 

It  is,  of  course,  evident  that  delay  in  removing  a  badly 
smashed  limb  may  result  in  dangerous  sepsis,  and  there  is 
no  doubt  that  the  threat  of  gas  gangrene  may  necessitate 
operation  earlier  than  might  be  wished.  Much  must  there- 
fore of  necessity  be  left  to  the  discretion  of  the  surgeon  in 
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eacli  case,  aud,  as  it  is  only  attur  a  coiisidci'ablc  experience 
at  the  front  tliat  really  sound  opinions  can  l)c  formed,  it  is 
very  necessary  that  those  who  have  not  had  this  experience 
should  seek  the  advice  of  those  who  have  before  a  decision 
is  come  to  in  a  doubtful  case. 

Other  questions  concerning;  the  treatment  of  shock  and 
the  use  of  saline 
infusions  are  dealt 
with  in  Captain 
Marshall's  c  o  m  ■ 
munication  on 
anaesthetics  at  the 
front. 

"When  the  con- 
dition of  the  limb 
and  of  the  patient 
permit,  a  primarj' 
amputation  should 
be  performed  by 
one  of  the  recognized 
methods  practised 
in  the  usual  circum- 
stances of  civilian 
surgery,  suitable 
flaps  being  provided. 
It  is,  however,  never 
right  to  neglect 
drainage  of  the 
stump,  and  this 
should  always  be 
secured  by  the  use 
of  a  large  drainage 
tube,  at  any  rate  for 
a  period  sulficient 
to  ensure  that  no 
serious  sepsis  exists. 

The  seat  of  amputation  lias  beeu  nmoh  discussed,  but  in 
our  experience  the  best  general  rule  is  that  as  much  of  the 
limb  as  possible  should  be  saved,  quite  regardless  of  the 
typical  "  seat  of  election  "  as  prescribed  in  former  years; 
primary  amputations  through  joints  are,  however,  as  a  rule 
to  be  avoided. 

Departure  from  these  ideals  may  be  necessary,  either 
because  of  the  condition  of  the  patient  himself  or  of  his 
limb. 

If  the  patient  is  desperately  ill  from  the  combined 
effects  of  loss  of 
blood  and  other 
complications  his 
condition  may  be 
such  that  the  addi- 
tional shock  of  a 
high  amputation 
may  be  quickly  and 
inevitably  fatal. 
In  a  pulseless 
patient  who  has  a 
numbed  and  still 
oozing  limb  the  best 
thing  is  to  remove 
it  as  quickly  as 
possible  by  cutting 
through  the  soft 
tissues  at  the  site 
of  fracture,  sub- 
sequently clipping 
away  torn  and 
ragged  tissues  and 
tying  the  main 
vessels. 

Not  more  than 
ten  minutes  need  be 
spent  on  such  an 
operation,  and,  if  it 
is  conducted  under 
the  influence  of  gas 
and  oxygen  anaesthesia,  many  apparently  hopeless  cases 
can  be  saved,  for  there  is  very  much  less  shock  than 
would  be  entailed  by  either  a  longer  operation  or  by  the 
cutting  though  healthy  and  sensitive  skin  and  muscle 
higher  up  the  limb.  In  such  a  case  the  making  of  a 
suitable  stump  must  be  left  to  a  future  time. 

In  another  class  of  case  the  leg  or  the  forearm  may  be 
smashed  beyond  recovery,  while  the  thigh  or  the  upper 


-A  wheeled  stretclier. 


I'lo.   6.  — To  show  bow  coiupact  the  wheeled  stretehois  uie  when  closed 


arm  is  the  seat  of  other  severe  wounds  complicated ^by  the 
presence  of  mud,  of  portions  of  shell,  or  of  clothing.  It  is 
(piite  unwise  in  such  a  case  to  amputate  high  up  tlie  limb, 
and  it  is  best  to  perforin  a  "  Hush  amputation  "  close  above 
the  fracture,  and  again  leave  to  the  future  the  formation 
of   a  useful  stump  at  a  time   when  the  damaged   tissues 

have  recovered.  If 
this  is  not  doiu!,  not 
only  is  the  patient 
exposed  to  more 
severe  shock  by  a 
high  amputation, 
but  his  stump  may 
slough  and  a  yet 
higher  up*  removal 
may  be  necessary  if 
he  ultimately  does 
survive. 

Wound  Intections. 
It  is  well  known 
that  in  France 
wounds  are  liable  to 
be  very  heavily  in- 
fected by  numerous 
pathogenic  organ- 
isms, and  inquiry 
from  surgeons  who 
have  had  experience 
in  other  theatres  o£ 
warfare  enables  us 
to  say  that,  espe- 
cially in  Egypt  and 
in  the  Dardanelles, 
the  gas  gangrene 
and  tetanus  infec- 
tious were  notably  much  less  common  than  they  are  in 
France. 

While  no  time  of  year  or  condition  of  weather  brings 
immunity,  it  is  very  evident  that  wet  weather  and  mud  are 
far  more  dangerous  than  summer  weather  and  dust ;  and 
this  danger  is  much  increased  when  patients  are  wounded 
in  very  cold  weather  and  are  thoroughly  chilled  before 
they  can  be  brought  in.  Most  surgeons  are  also  agreed, 
that  tlie  coldness  and  lowering  of  vitalitv  caused  by 
severe  haemorrhage  have  a  similar   predisposing  effect  on 

microbic  infection, 
and  it  will  be  found 
that  wounded  men 
are  attacked  by 
tetanus  and  gas  gan- 
grene in  proportion 
as  the  various  condi- 
tions exist  which 
are  inimical  to  the 
human  organism. 
It  has  also  been 
noted  that  gas  gan- 
grene has  often 
affected  wounds  in 
patients  who  have 
subsequently  de- 
veloped tetanus  also. 


GAS  GANGRENE. 
This  disease  ap- 
peared very  early  in 
the  war  and  was  a 
very  unpleasant  sur- 
prise to  tlie  sur- 
geons. It  had  not 
been  described  as  a 
usual  complication  of 
gunshot  wounds,  and 
though  seen  occa- 
sionally in  civil  life,  so  that  its  etiology  was  known  to  a  certain 
extent,  it  was  sufticiently  unfamiliar  to  render  an  accumu- 
lation of  experience  necessary  for  its  proper  treatment. 

Two  clinical  types  of  the  disease  were  recognized  early 
and  were  named  "gaseous  cellulitis"  and  "massive  gas 
gangrene."  The  former  term  was  applied  to  the  milder 
cases  in  which  the  cellular  tissue  round  the  wound  was 
considered  to  be  the  primary  seat  of  the  disease ;  the  latter 
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term  to  those  cases  in  which  the  whole  limb  was  rapidly 
affected  aad  dieii.  The  milder  tyjje  of  the  disease  was 
treated  by  iucisions  aud  draiuage,  the  severer  type  by 
amputation. 

From  a  clinical  point  of  view  it  was  found  that  the  condi- 
tions that  favoured 
the  onset  of  the 
disease  were:  (nl 
The  retention  of 
extravasated  blood 
and  wound  secre- 
tions, ib)  interfer- 
ence with  the  circu- 
lation, (c)  the  pre- 
sence of  large 
masses  of  partially 
devitalized  or  dead 
tissue,  ((?)  extensive 
comminution  of  long 
bones,  (c)  the  pre- 
sence of  particles 
of  clothing  in  the 
depth  of  the  wound. 
Each  of  these  obser- 
vations was  quickly 
turned  to  account 
in  the  treatment  of 
cases  in  which  the 
disease  might  ap- 
pear. 

Retention  or 

Blood  .\nd 

Secretions. 

The  avoidance  of 

the      retention      of 

blood  and  secretions 

necessitated  the  employment  of  some  sort  of  dressing  that 
would  not  dry  aud  cake  during  the  transit  of  the  patient 
to  the  casualty  clearing  station  and  from  there  to  the  base. 
Thus  the  dry  gauze  and  wool  dressing  was  abandoned  for 
one  that  would  keep  moist  and  favour  the  discharge 
and  serum.  It  did  not  seem  to  matter  what 
was    used   so   long    as    the   dressing   remained 


Fig.  7. — Overhead  railway  aiabulance  trolley. 


Circolation. 

was  brought  about  m 


of  blood 
chemical 
moist. 

Interference  with  the 
Interference  with  tlie  circulation 
several      ways. 

First  there  was        ^.. ..".,.„,... 

the   tourniquet.        p»«»!!s™~s!ss™m!K!»>::<« 

Every  effort 
was  made  to 
dispense  with 
this  instrument, 
and  where  this 
was  not  possible 
the  patient  was 
taken  with  all 
celerity  to  the 
nearest  place 
where  the  hae- 
morrhage could 
be  stopped.  Cir- 
cular bandages 
were  found  also 
to  be  a  source 
of  trouble,  espe- 
cially wdien  the 
bandages  took 
the  form  of  a 
gauze  dressing 
wrapped  round 
and  round  the 
limb,  which 
mode  of  appli- 
cation was  very 
tempting  in 
treating  mul- 
tiple wounds. 

In  simple  flesh  wounds  it  was  easy  to  arrange  that  the 
bandages  and  dressings  should  be  loosely  applied,  but  in 
the  case  of  fractured  lower  limbs  it  was  necessary  to 
obtain  some  fixation  of  the  limb,  for  the  movement  of  tlie 
bones   was  not  only  painful   to  the  patient,  but  calculated 


Fig.  8. — Two  light  iailwa>-  ambulance  troIle^■s. 


to  produce  further  damage  to  the  soft  parts.  The  adop- 
tion of  the  Thomas  splint  largely  solved  this  part  of  the 
problem,  but  there  were  and  still  are  difficulties  in  the 
way  of  its  adoption  as  far  forward  as  is  desired.  Some 
fractured    lower    limbs    are    still   sent    to    the    casualty 

stations  with  the  old 
Listen  splint;  the 
rapid  evacuation  of 
all  wounded  that 
now  pertains  has, 
however,  lessened 
considerably  the  dis- 
advantages of  this 
splint. 

The  arrest  of  the 
blood  supply  to  a 
segment  of  a  limb 
by  the  rupture  or 
thrombosis  of  an  ar- 
tery has  so  far  baffled 
the  surgeon.  At- 
tempts were  made 
by  suture  and  the 
employment  of 
Tuffier's  tube  to  re- 
store the  circulation, 
but,  so  far,  have  not 
met  with  the  success 
that  was  hoped.  All 
that  can  be  done  is 
to  favour  the  col- 
lateral circulation  in 
every  way. 

Devitalized 
Tissue. 
The  devitalized 
tissue  that  formed  a  nidus  for  the  development  of  the  gas- 
producing  organism  was  got  rid  of  by  excision  through 
the  opened  wound,  aud  as  the  attention  paid  to  this 
mechanical  cleaning  of  the  wound  became  greater  so  did 
the  results  improve. 

Bacteriology. 
While  surgeons  were  working  out  the  best  methods  of 
treatment    the   bacteriologists   wore   studying    organisms 
found  in  the  wounds,  which  were  nearly  all  infected  with 

many  varieties 
of  amoebic 
bacilli.  Many 
bacteria  were 
found,  but  the 
blame  could  not 
be  definitely 
fixed  on  any  one 
i  organism,     and 

in    many   cases 
i  -  t  h  e  r  e    w  a  s    a 

mixed  infection. 
The  Bacillus 
aerogenes capsu- 
latus  of  Welch 
was  found  pre- 
sent in  the 
greater  number 
of  cases.  The 
interesting  and 
important  ob- 
servation was, 
however,  made 
that  the  num- 
bers of  gas-pro- 
ducing organ- 
isms steadily 
decreased  with 
the  lapse  of 
time,  whilst  the 
pus  -  producing 
organisms  in- 
creased. This  bacteriological  fact  corresponded  with  the 
clinical  observation  that  the  likelihood  of  gangrene 
occurring  became  steadily  less  as  the  wound  became 
older  and  suppuration  more  obvious. 

Our  knowledge  of  the  disease,  both  from  a  bacteriological 


BRITISH    SURGERY    AT    THE    FRONT. 


37 


Fig.  9.— Light  railway  stretcller  caviyins  four  wounded. 


and  clinical  point  of  view,  roniaincd  much  in  the  above 
condition  for  a  long  time.  The  following  points  were 
always  being  debated : 

(a)  What  were  the  organisms  capable  of  producing 
the  disease? 

(b)  Could  any 
one  bacterium 
alone  cause  the 
gangrene  ? 

((•)  If  not,  what 
mixture  might 
be  necessary  and 
what  part  did 
each  organism 
play  in  the 
clinical  picture? 

(d)  What  tissue 
was  primarily 
and  chiefly 
affected  ? 

(e)  H  o  w  d  i  d 
the  disease  start, 
and  what  was 
the  cause  of  the 
e  X  t  r  a  o  r  d  i  n  ary 
rapidity  with 
which  the  con- 
dition spread  ? 

(/)  What  was 
the  reason  of  the 
return  of  the 
disease  after 
an   amputation   through   apparently  healthy  tissue? 

(17)  What  was  the  natui-e  of  the  poison  that  caused 
the  death  of  the  patient  ? 

It  cannot  be  said  that  a  complete  answer  to  any  of 
these  questions  has  been  found,  but  some  suggestive  work 
has  been  done.  For  answers  to  the  first  three  questions 
id),  (b)  and  (c),  the  reader  is  referred  to  the  statement  by 
Captain  Herbert  Henry,  R..4..M.C.,  which  will  appear  later. 

In  answer  to  the  fourth  question  (d),  Kennetli  Taylor,  a 
member  of  an  American  ambulance  near  Paris,  stated  that 
he  believed  that  the 
disease  was  essen- 
tially a  disease  of 
the  muscles.  Some 
clinical  observers 
working  in  the 
British  army  have 
supported  this  view 
It  was  found  that 
gas  gangrene  sel 
dom  produced  seri- 
ous symptoms  un- 
less muscle  was  in- 
fected, and  that  the 
muscles  might  be 
killed  and  gaseous 
while  the  intermus- 
cular planes  re- 
mained little  altered. 
It  was  also  pointed 
out  that  single  mus- 
cles and  muscle 
groups  were  very 
apt  to  be  picked  out 
while  others  re- 
mained healthy.  It 
was  noticed  that 
invaded  muscles 
were  nearly  always 
muscles  that  had 
been  wounded.    The 

disease  would  spread  up  and  down  these,  but  showed  little 
disposition  to  pass  to  their  uninjured  follows.  Advantage 
was  taken  of  these  facts  to  excise  those  muscles  affected, 
and  thus  arrest  the  di.sease  without  recourse  to  amputation. 

It  was  further  recognized  that  crepitations  and  colour 
changes  in  the  skin  might  be' comparatively  late  manifes- 
tations of  the  disease  and  that  death  of  the  muscles  might 
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take  place  before  these  signs  were  evident.  Vomiting,  a 
rapid  pulse,  and  a  tympanitic  condition  of  the  limb  came  to 
be  more  and  more  relied  on  as  symptoms  of  the  disease 
and  as  an  indi(-ation  for  immediate  interference.  It 
became  apparent  that  the  discoloration  of  the  skin  was 

due  to  arrest  of 
the  blood  supply, 
brought  about  by 
the  death  of  the 
underlying  muscles, 
and  that  crepitation 
was  largely  due  to 
a  forcing  out  of  the 
gas  generated  in  the 
muscles  into  the  in- 
termuscular planes 
and  subcutaneous 
tissue,  and  that  the 
crepitation  in  muscle 
was  really  a  very  late 
stage  in  the  process 
of  disintegration. 

When  gangrene 
occurs  in  a  segment 
of  a  limb  distal  to 
the  point  at  which 
the  main  vessel  has 
been  obstructed,  all 
the  muscles  are 
affected,  and  the 
process  appears  to 
be  similar  to  that 
which  takes  place 
in  the  body  after 
death,  though  the 
actual  route  by  which  the  organisms  gain  entrance  is 
undecided. 

As  muscle  became  infected  it  was  found  that  the  normal 
purple-brown  colour  altered  to  a  dirty  brick  red,  and  that 
this  change  took  place  before  the  muscle  became  crepitant 
to  the  finger.  Advantage  was  taken  of  this  observation 
to  distinguish  between  healthy  and  hopelessly  infected 
muscles. 

In  some  cases  the  connective  tissue  was  found  to 
be  the  seat  of  the  disease,  especially  the  retroperitoneal 
tissue  v,'hen  infiUrated  with  blood. 

iletastatic  infec- 
tions at  the  site  of 
saline  injection  were 
described  by  McNee, 
Mullally.  and  other 
observers.  This 
observation  is  im- 
portant, for  it  may 
explain  in  part  the 
return  of  the  disease 
after  amputation. 

(e)  When  all 
wounds  were  in- 
fected by  the  gas 
producing  organism, 
why  should  some 
pursue  a  normal 
course  and  others 
give  rise  to  gan- 
grene ?  If  it  is 
accepted  that  this 
disease  is  mainly 
one  of  muscle, 
some  measure  of 
explanation  is 
afforded.  The 
question  still  re- 
mains. Why  do  some 
muscle  wounds  lead 
to  gas  gangrene  and 
others  not  ? 
Most  observers  believed  that  the  organisms  could  only 
live  m  dead  muscle.  In  every  muscle  wound  there  is  dead 
muscle ,  but  if  the  diseased  condition  should  spread,  the 
organism,  on  the  assumption  that  the  bacilUis  could  only 
live  in  dead  muscle,  must  be  able  to  kill  the  muscle.  How 
did  it  do  this? 

D'Este    Emerv,   who    had    been    impressed    with    the 


Lach  of  such  is  marked  with  flags 
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repeated  return  of  the  disease  in  amputatiou  stumps  and 
its  rapid  spread,  in  a  most  suggestive  paper  showed  that 
the  poison  produced  hy  the  B.  nernr/enes  capsulnlns  had  a 
powerful  negative  chemiotaxic  iufluence  on  the  leucocyte. 
These  experiments  performed  in  vitro  were  in  strict  cou- 
souance  with  the  histological  observation  that  there,  is  no 
leucocytosis  where  gas  gangrene  is  active,  and  tliat  the 
leucocytes  only 
appear  when  the 
disease  is  in  pro- 
cess  of  arrest. 
D'Este  Emery's 
observation  ap- 
peared rather  to  ex- 
plain the  non  arrest 
of  the  disease  than 
to  account  for  its 
rapid  spread. 

Taylor  thought 
that  there  might  be 
two  factors.  In  the 
tirst  place,  as  the 
toxin  produced  by 
the  organism  was 
found  to  be  little 
toxic,  he  suggested 
til  at  the  toxin 
elaborated  by  the 
breaking  down  of 
the  muscle  might 
cause   the   death    of 

the  contiguous  muscle  substance.  Pie  also  suggested  that 
the  presence  of  the  gas  generated  produced  disintegration 
of  the  muscle,  and  thus  made  it  a  pabulum  for  the 
bacilli. 

McNee     and     Dunn    have     offered    the    following     ex- 
planation : 

The  bacteria  which  are  responsible  for  the  causation  of 
gas  ga,ngrene  lead  their  normal  existence  as  saprophytes  in 
ilccaying  organic  material.  When  these  organisms  obtain 
access  to  tissues  which  have  already  been  devitalized  by 
loss  of  blood,  they  find  au  environment  entirely  suited  to 
their  growth,  and  proliferating  readily,  they  produce  gas 
and  liquefaction  of  the  tissues.  This  process  is  simply  the 
uncontested  invasion 
of  dead  material  by 
bacteria,  and  it  is 
entirely  similar  to 
what  may  occur  in 
the  whole  body  after 
death.  The  problem 
which  has  presented 
greater  difficulties, 
and  which  possesses 
the  graver  interest, 
is  the  manner  of 
involvement  of  living 
tissues  by  gas  gan- 
grene, the  causal 
organisms  are 
known  to  exhibit 
only  slight  general 
pathogenicity.  If 
pure  cultures  oif  them 
are  injected  sub- 
cutaneously  into 
animals  the  effects 
may  be  surprisingly 
slight  and  transient. 
The  organisms  are 
most  frequently 
unable  to  establish 
themselves  iu  the 
healthy  undamaged 
tissue,  and  are  soon 

destroyed  by  phagocytic  action.  The  effect,  however,  is 
considerably  greater  if  the  bacilli  are  injected  into 
muscle,  and  especially  if  some  damage  is  caused  at  the 
site  of  injection.  In  this  way  the  whole  picture  of  a 
spreading  gas  gangrene  has  been  produced  in  the  leg  of 
an  animal  by  inoculation  of  a  pure  culture  of  the  Bacillus 
ai'Togoics  capsulatus. 

The  mere  presence  of  the  anaerobic  bacilli  iu  the  muscle 
does   not   necessarily   entail   death   of   the  fibres,  for  the 


Fig.  11.— The  ventilating  shafts  of  au  advanced  dressing  station. 


organisms  have  often  been  recognized  in  sections,  and  have 
been  successfully  cultivated  from  portions  of  muscle  which 
were  remote  from  the  gangrenous  area  and  still  contractile. 
How,  then,  does  death  of  the  fibres  arise? 

Tile  rapid  spread  of  gas  gangrene  into  living  voluntary 
muscle  depends  mainly  on  the  peculiar  anatomical  con- 
formation of  that  tissue.      At  the  advancing  edge  of  the 

gangrenous  process 
only  a  limited  num- 
ber of  muscular 
fibres  are  necrosed. 
The  dead  fibres,  in 
contrast  with  the 
normal  ones  around 
them,  are  separated 
off  from  their  vas- 
cular sheaths  by 
spaces  filled  with 
fluid.  .\s  the 
stripping  of  these 
sheaths  is  coincident 
in  extent  with  the 
histological  appear- 
ance of  coagulation 
in  the  fibres,  it 
is  suggested  that 
coagulation  is 
caused  by  a  toxic 
fluid  permeating  and 
tilling  the  sheaths. 
At  this  stage 
organisms  are  not  more  numerous  than  may  be  found  in 
living  muscle  higher  up.  The  toxic  material  is  i^resumably 
derived  from  the  action  of  organisms  on  the  tissues  lower 
down.  In  a  slightly  more  advanced  stage  the  above 
alteration  is  found  to  extend  to  all  their  fibres  and  their 
sheaths,  and  bacilli  are  met  with  in  greater  numbers. 
Later  still  the  whole  of  the  tissue  elements  are  invaded 
by  the  bacilli,  aud  undergo  extensive  distortion  and 
disintegration. 

The  above  outline  suggests  a  process  which,  once 
started,  may  maintain  itself  indefinitely,  for  the  pro- 
gressive death  of  the  muscle  permits  further  luxuriant 
growth   of   the   organisms   and  extension  of   their   lethal 

effects.  The  sugar 
content  of  muscle 
is  favourable  to  the 
growth  of  the 
anaerobes,  and  the 
result  is  the  produc- 
tion of  a  highly 
toxic  fluid.  The 
primary  infection  no 
doubt  occurs  in  the 
wound  in  lacerated 
ends  of  fibres  which 
are  healthy  in  the 
rest  of  their  length, 
and  the  establish- 
ment of  a  gangrenous 
process  is  permitted 
by  this  continuity 
of  structure. 


Recurrence  after 
Amputation. 
'/)    In    discussing 
the  question  why  the 
disease       sometimes 
recurs  in  an    ampu- 
tatiou   stump    when 
the     operation     has 
been    done    through 
apparently      normal 
muscle,    it    seems  necessary  to  distinguish   between   two 
types  of  amputatiou : 

1.  An   amputation  through    the   upper    healthy   part 

of   muscles,    the    lower    portions    of    which    are 
gangrenous. 

2.  An  amputation  through  muscles  which  are  normal 

throughout   their   length,    as   in   removal   of   the 
thigh  for  gangrene  of  the  leg. 


Where  the  patients  are  received. 
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McXoc  ;uicl  Dunn  havo  shown  tliat  tho  B.  fdh-ogeues 
ca2>-'<itlatii.i  is  found  in  healthy  coutraotilo  rausclo  far 
beyond  the  gangronous  edge.  As  tho  only  clinical  test  wo 
have  of  healthy  muscle  is  its  nominal  colour  and  its 
conti-actility,  it  may  haiipen  that  an  amputation  through 
such  nuisctlo  may 
still  leave  numbei.s 
of  bacteria  iu  the 
stump. 

This  explanation 
does  not  seem  sufti- 
cient.  The  fact  that 
metastatic  infec- 
tions appeal'  from 
time  to  time  shows 
that  bacilli  may  be 
Heating  in  the  blood. 
Shonld  this  happen 
iu  a  case  submitted 
to  amputation  it  is 
possible  to  conceive 
that  they  may  find 
a  resting  place  in 
the  muscle  damaged 
by  the  amputation 
and  thus  start  the 
disease  afresh. 

(O)  At  present  the 
nature  of  the  poison 
and  its  mode  of 
action  are  unknown. 

Treatment. 
The  treatment  in 
vogue    at    the   pre- 
sent  moment,  and  based  on  the  above  observations,   may 
be  summarized  as  follows  : 

« 
Preventive. 
The   wounds  are  opened    up    and  all  dead    tissue   and 
foreign  bodies  removed   and   adequate  drainage  provided. 
The  circulation  is  encouraged  in  every  possible  way. 

When  the  Disease  is  Estahlisheil. 

(a)  When  gangrene  appears   iu  a   segment   of   a     limb 
where  the  main  blood  supply  has  been  interrupted  higher 
up   the    only   treat- 
ment is  amputation. 

(6)  When  the  gan- 
grene appears  in  the 
muscles  or  muscle 
groups  actually 
wounded.  Here  the 
treatment  uuist  de- 
pend on  the  condi- 
tion of  the  patient. 
If  this  is  good  the 
wounds  are  freely 
opened  and  the 
affected  muscles  or 
muscle  groups  re- 
moved. The  test 
•employed  to  distin- 
guish dead  from 
healthy  muscle 
is  the  want  of 
contractility  or  the 
presence  of  the 
brick-red  colour. 

Even  with  the 
gangrene  localized 
to  certain  muscles 
amputation  is  the 
safest  course  if  the 
general  condition  is 

bad,  and  it  is  seldom  possible  to  save  such  a  limb   if  the 
bone  is  broken. 


Fit;,  14.— Operating  theatre  at  a  ca 
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ABDOMINAL   WOUNDS. 

SuROICAt.    Ol'INIOX    WltKN   THE    WaR    STARTED. 

many  years  it  had    been    held  that  tho   operative 


treatment  of   abdominal   woimds  was  not  to   be   advised 
under  war  conditions.     This   was  partly  due  to  want  of 


success,  as  in  the  Spanish-American  war,  and  partly  to 
the  fact  that  many  military  surgeons  were  opposed  to 
extensive  operating  anywhere  near  tho  tiring  line;  as 
abdominal  suigery,  to  bo  successful,  must  be  done  at  once, 
it  is  obvious  that  it  could  not  be  undertaken  with  success 

where  all  operations 
had  to  be  postponed 
to  a  late  period. 
Although  the  expec- 
tant treatment  was 
the  orthodox  one 
when  the  South 
African  war  broke 
out,  many  surgeons 
at  that  time  hoped 
to  prove  that  it  was 
wrong.  Surgeon- 
(ieneral  W.  F. 
Stevenson  even 
issued  an  appeal  for 
the  trial  of  opera- 
tion. The  result  was, 
ho  wever, only  to  con- 
firm former  opinion, 
though  this  opinion 
was  now  held  on 
two  somewhat 
different  grounds. 
One  school  held 
that  the  expectant 
treatment  was  in  it- 
self the  right  proce- 
dure, the  other  that 
it  was  the  best  that 
could  be  done  in  war. 
Some  believed  that  wounded  intestine  healed  sufBciently 
often  to  warrant  abstention,  others  believed  that  small  gut 
lesions  were  practically  always  fatal,  and  that  the  success 
obtained  by  the  "  wait  and  see  "  policy  was  due  to  the 
escape  of  the  bowel  from  injury,  although  the  belly  had 
been  penetrated.  The  opinion  that  it  is  possible  for  the 
small  gut  area  to  be  traversed  by  a  rifle  bullet  without 
injury  has  been  proved  to  be  correct  in  this  war.  A  study 
of  the  literature  of  the  South  African  war,  both  private 
and  official,  makes  the  real  reason  for  want  of  success  in 
operating  at  once  obvious— the  cases  arrived  too  late.  It 
was  not  so  nmch  a  question  of  the  success  of  the  expectant 

treatment  as  failure 
of  the  operative,  and 
the  two  strikingly 
successful  cases  of 
resection  of  small 
gut  (Neale  and  Tuke) 
were  operated  on 
within  six  and 
twelve  hours  of 
injury  respectively. 
The  reason  for 
the  late  operation 
was  the  nature  o£ 
fighting  in  an  un- 
settled country  of 
great  distances.  The 
wounded  could  not 
be  quickly  brought 
to  a  hospital  with 
the  necessary  appli- 
ances. To  operate 
iu  the  veld  with 
what  appliances 
were  at  hand  was 
too  disheartening. 
It  was  impossible  to 
get  even  moderately 
good  conditions. 
There  was  little  or 
no  water,  and  what  there  was  was  often  too  filthy  for 
■^vords— the  water  of  dams.  In  addition,  there  was  the 
plague  of  files  that   settled   on  everything. 

The  conilitions  were  utterly  dift'erent  from  those  that 
pertain  at  the  present  time.  This  is  the  first  time  since  the 
rise  of  abdominal  surgery  that  a  great  campaign  has  been 
fought  in  a  settled  cuimtry,  and,  what  is  more  important 
stilf,  with  a  fixed  fighting  line. 
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The  small  number  of  cases  dealt  with  in  the  South 
African  campaign  was  also  a  source  of  error,  for  in  order 
to  form  an  adequate  idea  of  the  efficacy  of  any  treatment 
it  is  necessary  to  strike  an  average  over  a  large  series  of 
cases. 

The  statistics  of  the  South  African  campaign  are  very 
defective.  Surgeon- General  Stevenson  in  the  official 
history  of  the  war  was  only  able  to  collect  207  cases  of 
abdominal  wounds.  Among  them  it  is  stated  that  there 
were  26  laparotomies  with  18  deaths,  a  mortality  of  69.2 
per  cent.,  and  according  to  Stevenson  the  mortality  was 
really  even  worse.  The  total  death-rate  of  all  abdominal 
wounds  quoted — operated  and  unoperated — is  given  as 
30.4  per  cent. 

In  the  same  author's  most  recent  work,  Woimds  in  War 
(1910),  the  mortality  is  shown  as  51.6  per  cent,  for  laparo- 
tomies, the  total  of  cases  remaining  the  same — namely, 
207.  In  any  case  the  figures  are  reallj'  too  small  to  have 
any  real  value. 

In  this  present  war  one  of  the  difficulties  of  establish- 
ing the  operative  treatment  was  the  run  of  bad  luck 
which  any  operator  might  have  to  face.  Even  now,  with 
conditions  as  nearly  ideal  as  possible,  a  series  of  nine 
consecutive  fatal  cases  may  be  met  with.  This  must  have 
a  very  depressing  effect  on  any  surgeon,  especially  on  one 
who  is  not  yet  convinced  that  the  operative  treatment  is 
in  the  main  the  best  of  all.  Now  nine  abdominal  cases 
means  roughly  about  600  wounded  men,  taking  a  moderate 
estimate  of  the  proportion  of  abdomiual  wounds  to  total 
wounds. 

As  a  matter  of  fact,  in  the  South  African  campaign  a 
casualty  list  of  600  wounded  was  considered  a  large  one. 
and  if  an  operator  happened  to  encounter  such  a  series  of 
fatalities,  it  is  not  a  matter  of  surprise  that  he  should 
have  had  doubts  as  to  the  correctness  of  his  procedure. 

Statistics  in  the  present  campaign  show  tliat  an  opera- 
tive mortality  of  50  per  cent,  is  a  good  result,  but  such  a 
mortality  in  civil  practice  would  be  considered  an  awful 
death-rate  to  face.  And  yet  it  means,  looking  on  the 
bright  side,  many  lives  saved. 

The  South  African  campaign  may,  then,  be  said  to  have 
left  surgical  opinion  opposed  to  operation,  but  it  must 
always  be  remembered  that  not  only  were  there  practically 
no  shell  wounds  in  that  campaign,  but  also  that  the 
ogival  bullet  was  a  much  less  harmful  missile  than  the 
sharp-pointed  bullets  of  the  prcseut  war. 

Method  of  Treatment  in  the  Earlier  Period 
OF  the  War. 

In  the  retreat  from  Mens  and  ou  the  Aisne  adequate 
provision  for  the  performance  of  abdominal  operations 
near  the  front  was  well-nigh  an  impossibility,  and  all  that 
could  be  done  was  to  send  the  wounded  to  the  base  with 
the  least  possible  discomfort  to  them.  When,  in  the 
ensuing  winter,  the  line  becauje  fixed  the  circumstances 
were  very  different,  and  there  soon  developed  a  possibility 
of  operating  under  good  conditions.  It  was  no  longer  a 
question  of  whether  a  man  could  be  operated  upon,  but 
whether  he  should  be  operated  upon.  Still,  however,  a 
good  deal  of  the  old  belief  in  the  efficacy  of  the  expectant 
treatment  obtained  for  some  time  longer.  A  man  wounded 
in  the  abdomen  was  sometimes  kept  in  a  dug-out  in  the 
trench  system ;  often  he  was  kept  at  a  field  ambulance, 
usually  he  was  transferred  to  the  casualty  clearing  station 
and  there  treated. 

The  customary  mode  of  procedure  was  to  put  the  man 
in  the  Fowler  position,  to  improve  the  general  condition  by 
rest  and  warmth,  to  withhold  food  and  water  for  three 
days  and  to  administer  morphine.  The  thirst,  which  was 
a  distressing  symptom  of  this  treatment,  was  combated  to 
a  certain  degree  by  rectal  salines  and  mouth  washes. 

A  tribute  must  here  be  paid  to  the  great  care  and  atten- 
tion which  the  medical  officers  lavished  on  the  patients. 
Certain  officers  were  told  off  day  and  night  to  attend  to 
them  and  everything  possible  was  done  to  alleviate  their 
suffering  and  to  make  them  as  comfortable  as  possible  and 
to  cheer  them  up.  If  anything  could  have  got  these  men 
well  the  attention  that  they  received  would  have  done  so, 
and  it  must  be  remembered  that  the  medical  officers  who 
conducted  the  treatment  were  convinced  of  its  efficacy. 

This  belief  was  strengthened  by  the  behaviour  of  many 
of  the  patients,  for  some  who  were  at  first  gravely  ill,  went 
through  a  period  of  in^provement  which  often  was  very 
striking.     It  was  in   a  way  untortunate,  but  there  is  no 


doubt  that  improvement  did  take  place,  and  so  well  were 
many  of  them  that  after  several  days  they  were  evacuated 
to  the  base  and  arrived  there  sometimes  in  fair  condition, 
although  more  often  gravely  ill.  But  the  surgeons  who 
had  seen  the  cases  leave  the  casualty  clearing  stations 
apparently  ou  the  way  to  recovery  could  not  at  first  bring 
themselves  to  believe  that  they  did  badly  at  the  base,  and 
if  evacuation  had  not  been  necessary  and  it  had  been 
possible  to  keep  patients  at  the  casualty  clearing  stations 
the  expectant  treatment  would  not  have  survived  as  long 
as  it  did,  for  medical  officers  would  have  seen  many  such 
cases  become  worse  and  worse,  and  in  the  end — die. 

Commencement  of  the  Operative  Treatment. 

-Although  rest  treatment  was  the  rule,  some  attempts  at 
operation  had  been  made  as  early  as  November,  1914;  but 
it  was  only  when  the  more  complete  development  of  the 
casualty  clearing  stations  provided  satisfactory  conditions 
that  surgeons  felt  that  their  opportunity  for  operating  had 
arrived,  and  during  the  winter  of  1914—15  operations  were 
done  by  several  medical  officers.  But  the  early  results  were 
undeniably  bad— so  bad  that  most  fieople  abandoned  the 
attempt,  and  the  reasons  for  failure  were  no  doubt  both 
the  late  arrival  of  the  patients  at  a  place  where  an  opera- 
tion could  be  performed  and  the  want  of  knowledge  which 
later  on  was  acquired  by  experience  alone,  for  there  was 
no  literature  which  dealt  with  such  injuries  as  the  surgeons 
were  now  called  ou  to  treat,  and  each^nanhad  to  learn  the 
best  methods  for  himself. 

Owen  Richards  was  the  first  to  publish  results  of  opera- 
tive treatment  in  the  British  army.'  His  first  operation 
was  performed  on  .January  28th,  1915,  and  the  first 
successful  operation,  that  of  a  resection  of  2A^ft.  of  the 
small  intestine,  was  performed  on  March  18th,  1915, 
thirt3'six  hours  after  the  injury  was  received. 

In  May,  1915,  an  iucjuiry  into  the  causes  of  death  after 
abdominal  wounds  established  the  following  facts: 

1.  That  the  injuries  were  as  a  rule  of  such  a  nature 

that  recovery  must  be  a  very  rare  event. 

2.  That    haemorrhage    was   a    chief    cause    of   early 

death. 

3.  That  bullets  produced  very  extensive  injuries. 

It  had  ahvays  been  granted  that  haemorrhage  was  the 
chief  cause  of  early  death,  but  the  advocates  of  expectant 
treatment  seem  to  have  focussed  their  attention  more  ou 
the  danger  of  peritoneal  infection  and  the  possibility  of 
its  localization  or  disappearance  than  on  the  possibility  of 
spontaneous  arrest  of  haemorrhage. 

The  discovery  that  bullets  produced  extensive  gut 
injuries  was  also  of  great  importance,  as  much  stress  had 
beeu  laid  ou  the  smallncss  of  the  lesions  produced  by  the 
modern  small  bore  bullet,  and  the  expectation  of  spon- 
taneous recovery  of  gut  lesions  had  been  based  ou  the  quite 
erroneous  assumption  that  such  projectiles  were  compara- 
tively innocuous. 

The  re-establishment  of  the  fact  that  haemorrhage  was 
the  chief  cause  of  early  death  was  of  great  importance,  as 
it  showed  that  only  rapid  evacuation  afforded  any  hope  of 
combating  such  a  condition.  Arrangements  were  accord- 
ingly made  to  ensure  that  all  patients  suffering  from 
abdomiual  wounds,  aud  who  were  not  too  ill  for  transport, 
should  be  sent  by  special  motor  ambulances  to  the  clearing 
station  and  not  retained  in  the  field  ambulance.  At  the 
same  time  meetings  of  the  medical  officers  of  field  am- 
bulances and  regiments  were  held  at  different  centres,  so 
that  it  could  be  demonstrated  to  them  that  the  lesions  of 
the  hollow  viscera  were  nmch  more  extensive  than  they 
had  believed,  and  that  in  such  conditions  early  operation 
gave  the  only  chance  of  recovery.  The  result  of  this 
diffusion  of  more  accurate  knowledge  was  soon  seen  in  the 
much  earlier  arrival  of  patients,  and  the  greatest  praise  is 
due  to  all  those  who  combined  in  the  effort  to  rescue  the 
men  and  convey  them  to  the  rear  as  rapidly  as  possible. 
The  consequences  of  these  improvements  soon  became 
apparent  in  the  saving  of  many  lives,  and  the  operative 
treatment,  now  that  it  was  placed  under  favourable  con- 
ditions, very  soon  won  for  itself  the  confidence  of  the 
medical  service,  and  quickly  became  universally  adopted. 

M'here  to  Operate. 
The  British  practice  has  beeu  to  operate  a  short  dis- 
tance behind  the  line,  and  the  wisdom  of  this  has  been 
demonstrated.     Here  it  is  possible  to  operate  under  good 


niUTISH    SUBGERY    AT    THE    FRONT. 


41 


conditions    and    to    uursc    the    patient    among    checi'ful 
suffouudings  for  a  week  or  luoro  subsecjucutly. 

The  casualty  clearing  stations  have,  as  a  rule,  been  used 
for  this  purpose.  If  for  some  local  reason  it  has  not  been 
possible  to  put  one  sufficientlj'  far  forward  at  any  one  part 
of  the  line,  a  small  operating  centre  has  been  opened  for 


DIAGRA31  1. — No  operation.    Died. 

the  reception  of  abdominal  and  other  urgent  eases.     The 
influence  of  time  is  shown  very  clearly  in  Table  I. 

T.\BLE  I. — Effect  of  the  Time  Elapsed  between  Receipt  of  the 

M'oiind  a)id  Arrival  at  the  Operating  Centre. 

Total  number  of  cases  591. 


Hours : 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

18-20 

Over 

20 

To  base  ... 

3 

30 

75 

55 

34 

19 

7 

4 

11 

4 

27 

Died 

2 

30 

53 

59 

41 

23 

10 

12 

15 

11 

56 

Total  ... 

5 

60 

128 

114 

75 

42 

17 

16 

26 

15 

83 

A  very  significant  fact  comes  out  from  a  study  of  the  next 
table  (II) — namely,  that  of  145  patients  with  a  pulse  above 
120  only  16  recovered. 

T.\BLE  II. — Proriiiosisfrom  Pidse-rate. 
Total  number  of  cases  577. 


Pulse  up  to: 

60 

70 

80 

90 

100 

108 
39 

110 

120 

130 

7 
37 

Over 
130 

To  base 

Died      

1 
1 

7 
2 

23 
13 

30 
18 

27 
38 

37 
88 

9 
92 

Total 

2 

9 

36 

48 

147 

65 

125 

44 

101 

Table  III  shows  that  bullet  wounds  are  highly  fatal. 
T.\BLE  III. — Relative  Mortnlity  of  the  Different  Projectiles. 
Total  number  of  cases  629, 


Bullet. 

1 
Frwment.  '    Shrapnel. 

Bomb. 

To  base 

Died        

91 
106 

105                       15 
154            I           40 

60 
58 

Total 

197 

259 

55 

118 

T.MiLI';  l\.— Relative  Nunilier  of  Differoit  Projectiles  and 
Proportion  Retained. 

Total  number  of  cases  834. 


Passed  out 
Retained    ... 


Bullets. 


Shell 
Fragments. 


203 
131 


30 
254 


Shrapnel. 


15 
67 


Bombs. 


6 
128 


334 


The  Most  Danf/erous  Wotmds. 
The  chart  (Diagram  1)  shows  the  entrance  wound  or  the 
course  of  the  projectile  in  cases  that  arrived  too  bad  for 
operation. 

Pcssibilitij  of  Escape  of  Holloio  Orrjans  after  Penetration 
of  llic  Abdomen. 

Diagram  2  shows  the  course  of  the  projectile  or  its  place 
of  entrance  in  those  cases  in  which  coeliotomy  proved  that 
no  hollow  alimentary  viscus  had  been  penetrated.  In  some 
such  cases  many  organs  were  bruised. 

A  certain  number  of  cases  of  rupture  of  a  hollow  viscus 
without  abdominal  penetration  have  occurred,  and  have 
made  it  advisable  to  explore  the  intestine  in  some 
instances  even  when  the  whole  thickness  of  the  abdominal 
wall  was  not  penetrated  by  the  missile,  but  where  the 
symptoms  have  pointed  to  the  probability  of  a  lesion  of 
one  of  the  hollow  viscera. 


I  lAGUAji  2.— C'oeliotomj-.    No  wound  of  any  hollow  viscus. 

General  Line  of  Treatment. 

The  practice  is  now  to  operate  on  all  cases  unless  there 
is  some  reason  to  the  contrary,  and  to  operate  on  principle 
rather  than  on  the  indications  by  symptoms. 

The  cases  on  which  operation  has  been  found,  as  a 
general  rule,  to  be  inadvisable  may  be  divided  into  two 
classes — (1)  those  in  which  solid  organs  alone  are  wounded 
and  in  which  there  are  no  signs  of  continuing  haemor- 
rhage, and  (2)  cases  arriving  after  thirty-six  hours. 

The  liver  furnishes  by  far  the  greater  number  of  cases 
in  Class  (1).  This  organ  is  the  only  solid  organ  in  which 
it  is  possible  to  say  from  inspection  that  no  other  organ  is 
wounded.  In  the  other  solid  organs,  such  as  the  kidney 
and  spleen,  the  likelihood  of  hollow  visceral  injury  nearly 
always  compels  exploration.  Were  it  not  for  this  con- 
tingency, the  solid  organs  would  require  little  operative 
attention. 

In  Class  (2)  the  time  for  successful  interference  iu  the 
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case  of  liollow  viscera  has  as  a  rule  gone  by,  and  the 
bleeding,  fi-om  wbatevei'  source  it  came,  has  ceased 
spoutaneously. 

Before  operation  a  period  of  rest  has  found  favour  with 
most  people.  This  period  is  used  to  combat  shock,  for 
which  purpose  heat  in  various  forms  has  proved  by  far  the 
most  efficient  means. 

When  the  missile  is  retained  the  pos"tion  of  the  pro- 
jectile should  be  ascertained  by  an  .c-ray  picture,  as  its 
localization  will  influence  the  site  of  the  exploratory  in- 
cision. The  incision  should  as  a  rule  be  placed  by  the  side 
of  the  mid  line  and  be  of  ample  length.  A  transverse 
incision  is  much  favoured  by  some  for  exploring  wounds 
which  traverse  one  side  only  of  the  body. 

The  question  of  the  administration  of  saline  is  important. 
The  subcutaneous  injection  of  saline  has  found  favour  in 
the  past,  but  it  is  coming  to  be  recognized  that  very  little 
is  absorbed  in  a  shocked  man,  and  tbat  this  method  pre- 
sents no  advantages  over  its  administration  by  the  natural 
orifices.  If  these  are  not  available  the  intravenous  method 
should  be  us2d. 

Axioms  of  Operative  Proeedure. 

Celerity  is  of  great  importance.  The  body  heat  must  be 
preserved  in  every  way.  There  should  be  the  least  possible 
exposure  of  the  viscera,  and  the  intestines  should  be  kept 
inside  the  abdomen  as  much  as  is  compatible  with  the 
necessary  manipulation.  Tlie  least  possible  should  be 
done.  AD  the  intestine  should  be  examined.  Suture  of 
the  intestine  should  always  be  preferred  to  resection 
unless  the  latter  is  inevitable,  or  saves  time,  and  experi- 
ence has  shown  that  a  single  continuous  suture,  applied 
so  as  to  invert  the  peritoneum,  is  quite  sufficient  and 
perfectly  secure.  Linen  thread  or  thin  silk  are  both  pre- 
ferable to  catgut,  and  care  is  required  not  to  draw  the 
stitches  too  tight.  If  resection  is  unavoidable,  end-to-end 
anastomosis  is  preferable  to  lateral  apposition  as  a  rule. 

Solid  organs  should  be  disturbed  as  little  as  possible, 
unless  vessels  have  been  opened.  Excision  of  spleen  and 
kidney  should  be  practised  with  great  reserve. 

Through-and-through  wounds  of  the  liver  are  best  left 
alone,  but  if  the  x  rays  show  a  large  piece  of  shell  or  bomb 
in  an  accessible  position  it  should  be  removed,  for  if  left  it 
generally  causes  dangerous  sepsis  in  the  organ. 

Abdonunal  drainage  is  most  probably  of  little  use  except 
in  local  lesions. 

.Artificial  ani  in  the  colon  are  to  be  avoided  it  possible. 


Wounds  of  Speeial  (Jnjaiis. 

Sloiiiacli. — Wounds  of  the  stomach,  though  less  severe 
than  those  of  the  small  and  large  intestine,  have  proved 
decidedly  more  dangerous  than  was  supposed.  The  fatal 
result  has  largely  been  caused  by  haemorrhage  and  shock 
and  by  complication  with  other  visceral  injury. 

Small  Intestine. — In  the  small  intestine  the  multiplicity 
of  the  lesions  and  haemorrhage  from  the  mesentery  have 
been  the  chief  causes  of  failure.  As  many  as  twenty 
lesions  have  been  met  with.  In  one  case  a  successful 
result  followed  a  resection  of  6  ft.  for  twenty  perforations 
(Captain  Owen  Richards).  In  another  case  fourteen 
lesions  were  sutured  and  followed  by  recovery  (Captain 
John  Eraser). 

Large  Intestine. — The  large  intestine  wounds  have  been 
mostly  fatal  from  .sepsis  of  tlie  retroperitoneal  tissue  in  the 
case  of  the  ascending  and  descending  colons  and  from  com- 
plicated injuries  in  the  case  of  the  transverse  colon. 

Rectum. — The  rectum  proper  has  not  been  wounded  so 
often  as  would  be  expected,  but  has  a  high  mortality. 

Liver. — The  liver  shows  a  large  proportion  of  recovery 
after  operation,  but  many  patients  would  have  got  well 
without  operation. 

Spleen. — The  spleen  injuries  have  not  been  very 
dangerous  except  where  the  lesions  have  necessitated 
excision,  and  the  same  may  be  said  of  the  kidney. 

Bladder. — Intraperitoneal  wounds  of  the  bladder  show 
a  mortality  of  56  per  cent,  where  uncomplicated,  but  those 
associated  with  small  gut  injury  have  proved  exceedingly 
dangerous. 

Causes  of  Failure. 
Haemorrhage,   sepsis,   and   shock   have  been   the  chief 
causes  of  death. 

Haemorrhage  has  come  from  every  vessel  in  the  abdomen 


except  the  aorta.  Principally  it  has  proceeded  from  the 
mesentery  and  the  pelvic  vessels.  On  two  occasions  a 
rent  in  the  vena  cava  has  been  closed — in  one  by  the 
application  of  forceps  (Captain  Taylor),  and  in  one  (by 
Captain  Sampson)  by  suture.  The  former  recovered.  In 
one  instance  the  vena  cava  was  ligated,  but  the  patient 
survived  only  ten  hours. 

iS«^js(.s.— Under  this  head  are  included  peritonitis,  retro- 
peritoneal sepsis,  and  wound  infection.  It  is  unnecessary  to 
say  much  about  peritonitis.  It  causes  death  in  the  same 
way  as  seen  in  civil  practice.  Many  attempts  have  been 
made  to  combat  the  so-called  obstructive  symptoms  by 
enterostomies  and  short  circuits,  but  with  little  if  any 
success.  It  must  be  mentioned  here  that  a  certain 
amount  of  evidence  has  accumulated  showing  that  some 
obstructive  cases  have  as  their  basis  a  nervous  traumatic 
paralysis.  Retroperitoneal  sepsis,  accompanied  or  not  by 
gas  formation,  has  proved  a  great  source  of  mortality. 
This  has  been  obvious  in  the  case  of  the  colon  injuries,  bub 
a  recent  series  of  post-mortem  examinations  by  Captains 
McNee  and  Dunn  has  proved  that  such  sepsis  is  frequently 
the  cause  of  death  where  that  death  has  clinically  been 
put  down  to  shock. 

Shod;. — This  subject  is  dealt  with  in  another  place  by 
Captain  Geoffrey  Marshall,  but  a  word  may  be  added  here. 
It  is  very  difficult  to  trace  any  definite  relation  between 
the  amount  of  injury  and  the  amount  of  shock.  It  can 
only  be  said  that  multiple  injuries  produce,  as  a  rule, 
much  shock.  A  severe  intestinal  lesion  will  not  in  all 
cases  prevent  a  man  from  completing  the  task  on  which 
he  was  engaged  or  even  from  walking  one  or  two  miles, 
and  many  who  subsequently  die  arrive  at  the  hospitals- 
in  good  condition.  The  pulse-rate  table  gives  some  in- 
dication of  the  patient's  condition.  Prolapse  of  the  small 
gut  seems  to  cause  less  disturbance  than  that  of  the  stomach 
and  colon.  Haemorrhage  is  by  far  the  most  frequent  cause 
of  death,  and  as  it  is  nearly  always  present,  it  is  difficult 
to  determine  how  nmch  shock  is  due  to  this  cause  and 
how  much  to  the  accompanying  injury.  There  is  a  certain 
amount  of  evidence  to  show  that  comparatively  slight 
injuries  of  both  kidney  and  liver  will  cause  intense 
collapse,  but  such  cases  are  not  common.  Sepsis  of  the 
retroperitoneal  tissue  without  severe  injury  does  cause 
the  most  intense  shock. 


Results. 
The  following  table  gives  the  results  obtained  by  the 
operative  treatment  in  a  certain  sector  of  the  British 
line  over  a  period  of  eighteen  months.  Practically  every 
case  that  got  to  hospital  is  included,  so  that  a  true 
picture  is  presented,  and  the  varying  results  produced 
by  locality  and  difl'erent  conditions  are  eliminated  as 
far  as  possible. 


T.iBLE  V. — Ahdoiiiinal  Wounds  operated  on  in  a 
Britisli  Line  during  Eighteen  Hontlu 
Total  number  of  cases 
Arrived  moribund 

Total  niortahty,  exckiding  moribund 
Total  mortality,  including  moribund 
Considered  with  view  to  operation 
No  operation  advised 
Total  operations  ... 
Total  operative  mortality... 
Total  hollow  viscera  mortality 

'Htoraach  mortality 

"^Sniall  gut  mortality 

*Colon  mortal itv 


Sector  of  tlie 

1,288 
250 

50.06  % 
60.02  % 

1,038 
73 
965 
53.9  % 

64.7  % 

52.7  % 

65.8  % 
58.7  % 

Uncouiplicated  liy  wound  of  other  hollow  alimentary  viscus. 

It  is  very  difficult  to  compare  the  present  mortality  with 
that  of  the  preoperative  period.  The  whole  method  of 
evacuation  has  completely  changed.  The  operative  treat- 
ment has  attracted  to  the  casualty  clearing  stations  all 
men  wounded  in  the  abdomen,  so  that  those  who  would 
have  died  in  dug-outs,  at  the  advanced  dressing  stations, 
and  at  the  field  ambulances,  now  reach  an  operative 
centre. 

Neglecting  the  more  forward  positions,  a  calculation 
made  in  the  pre-operativedays  showed  that  the  mortality 
at  field  ambulances  and  clearing  stations  was  70  per  cent. 
In  addition  there  were  the  deaths  at  the  base,  which  raised 
the  mortality  to  about  80  per  cent. 

There  would  therefore  seem  to  have  been,  an  improve- 
ment of  from  15  to  20  per  cent. 
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WOUNDS  OK  THE  IIEAUT. 

Tlicrc  lias  been  one  successful  suture  of  a  lieart  wouud. 
It  was  performed  by  Captain  Jolin  Eraser.  The  details 
are  as  follow;  A  bomb  fragment  entered  immediately 
internal  to  the  left  nipple.  There  was  a  persistent  and 
pulsing  escape  of  rather  dark  blood.  A  probe  passed 
upwards  and  towards  the  mid  line  evidenced  a  cardiac 
rhythm.  The  pulse  was  small  and  irrcj^ular;  the  patient 
distressed  and  cyauosed.  A  portion  of  the  fifth  rib  and  its 
cartila<;e  was  removed,  and  the  fourth  costal  cartilai^e 
detached  from  the  sternum.  The  pleura  and  fat  were 
retracted,  and  the  pericardium  incised.  The  latter  con- 
tained a  quantity  of  dark  blood.  A  small  hole,  the  size  of 
a  pea,  was  found  in  the  right  auricle.  By  a  sutui-e  the 
auricle  was  pulled  tip  into  the  wound  and  the  hole  closed 
by  two  linen  sutures.  The  progress  was  good,  and  the 
pulse,  which  had  been  120,  dropped  to  90  on  the  fourth 
day. 

The  patient  nine  months  later  reported  his  licalth  as 
excellent. 

WOUNDS  OF  BLOOD  VESSELS. 

It  may  in  the  first  place  be  noted  that  the  conception  of 
many  surgeons  of  the  size  of  the  lumen  and  of  the  thick- 
ness of  the  wall  of  arteries  in  general  has  undergone  a 
change  in  this  war,  and  it  has  often  been  remarked  by 
medical  officers  that  the  arteries  are  smaller  and  have 
slighter  walls  than  was  expected.  No  doubt  the  class  of 
subject  from  which  one  gained  an  idea  of  the  size  of  the 
normal  blood  vessels  is  so  different  from  the  class  met 
with  in  war  surgery  that  there  was  an  exaggerated  idea 
both  of  the  size  of  the  artery  and  of  the  thickness  of  its 
walls  in  healthy  young  adults. 

Surgeons,  knowing  that  they  would  have  to  deal  with 
healthy  arteries,  hoped  that  many  opportunities  would 
present  themselves  for  arterial  suture,  but  unfortunately 
the  opportunities  have  been  few,  and  the  injuries  have 
rarely  been  of  such  a  nature  as  to  offer  any  prospect  of 
success  or  even  of  trial  of  such  treatment.  Lateral  suture 
both  of  veins  and  arteries  has  been  done  in  a  fair  number 
of  cases,  and  in  two  instances  a  lateral  rent  in  the  vena 
cava  itself  has  been  closed,  although  the  only  successful 
case  was  one  in  which  the  sides  were  brought  together  by 
artery  forceps  and  not  by  suture.  The  opportunity  of 
end-to-end  suture  of  arteries  has  rarely  offered  itself  at  the 
front,  and  as  far  as  the  writers  know  has  only  been  even 
temporarily  successful  in  one  case,  that  of  a  bullet  wound 
of  the  brachial  arterj' ;  and  this  vessel  gave  way  and 
formed  an  aneurysm  some  three  weeks  later.  In  a  few 
cases  the  femoral  artery  has  been  sutured,  but  in  no  case 
has  the  operation  saved  both  the  limb  and  the  patient. 

Although  so  far  the  results  have  been  disappointing, 
this  is  not  a  matter  for  surprise  if  the  condition  of  the 
wounded  vessels  is  examined.  The  class  of  case  in  which 
it  was  hoped  to  try  this  method  at  the  front  was  that  of 
open  wounds  such  as  are  generally  caused  by  shell ;  but 
unfortunately  the  ends  of  the  artery  are  commonly  so  far 
apart  that  it  is  found  that  they  cannot  be  brought  into 
apposition  after  the  necessary  dissection  of  the  vessel  has 
been  done.  Even  in  the  popliteal  space,  where  some 
approximation  of  the  arterial  ends  can  be  obtained  by 
flexion  of  the  knee,  no  case  has  yet  occurred  in  which 
arteriorrhaphy  has  seemed  feasible,  while  small  wonnds  of 
the  limbs  or  neck  with  an  arterial  haematoma  seem  hardly 
suitable  for  this  method  of  treatment. 

It  was  under  these  circumstances  that  "  TuflBer's  tubes  " 
offered  some  hope  of  saving  limbs  from  gangrene  when 
arterial  suture  was  out  of  the  question.  They  have  been 
employed  at  the  front  on  many  occasions,  and  are,  it  is 
believed,  well  worth  trying,  as,  although  they  become 
blocked  within  about  twenty-four  hours,  they  have 
appeared  to  tide  a  limb  over  this  the  most  critical  period 
before  the  establishment  of  the  collateral  circulation.  In 
one  case  it  was  noticed  that  the  tube  itself  remained  un- 
blocked although  the  artery  below  became  obstructed  by 
clot,  and  it  may  be  that  this  distal  clotting  in  the  artery 
will  always  be  a  difficulty  in  practical  as  opposed  to  ex- 
perimental surgery.  It  must  be  remembered  that  in  actual 
practice  the  limb  below  the  lesion  has  been  deprived  of 
blood  for  some  time  before  the  opportunity  occurs  of 
inserting  a  tube  and  re-establishing  the  circulation,  and  it 
may  be  that  this  period  of  starvation  produces  changes  in 
the  vessel  walls  that  favour  clotting. 


There  is  another  oljscrvatioii  whicli  may  have  a  bearing 
on  this  subject.  In  civil  practice,  after  the  interruption 
of  the  main  blood  siqiply  of  a  limb  and  the  consc(jiient 
occurrence  of  gangrene  in  its  lower  jiart,  one  looks  for  and 
sees  the  formation  of  a  definite  line  of  demarcation.  IJut 
in  the  present  campaign  it  has  been  found  that  after  the 
destruction  and  ligation  of  an  artery  this  line  of  demarca- 
tion fails  to  appear  in  the  majority  of  cases,  and  the  seat 
of  the  amputation  has  to  be  chosen  by  noting  the  place 
where  the  limb  becomes  cold  and  discoloured,  on  the  one 
hand,  and,  on  the  other,  where  the  capillary  circulation  is 
still  active,  as  shown  by  the  return  of  the  skin  blush  after 
pressure.  No  doubt  the  primary  loss  of  blood  has  some- 
thing to  do  with  the  frequency  of  gangrene  in  the  first 
place,  and  in  the  second  it  would  appear  that  the  nature 
of  the  injury  so  upsets  the  blood  supply  of  the  limb  that 
tlie  collateral  circulation  is  slow  in  being  re-established, 
and  that  sufficient  blood  does  not  reach  the  part  to  bring 
about  the  rapid  and  healthy  reaction  that  is  necessary  for 
the  formatiou  of  a  distinct  line  of  demarcation. 

It  is  a  fact  at  once  curious  and  important  that  the  arrest 
of  the  blood  current  at  a  point  that  is  considered  a  favour- 
able one  for  the  application  of  a  ligature  in  civil  practice 
is  often  followed  by  gangrene  when  that  arrest  is  caused 
by  a  gunshot  wound.  It  may  be  that  the  laceration  of 
muscle  that  so  often  accompanies  such  injury  is  the  cause 
to  a  certain  extent,  but  there  must  be  other  factors  at  work, 
as  gangrene  may  follow  even  a  small  perforating  wound. 
Wounds  of  certain  arteries  stand  out  as  especially  dangerous 
to  the  vitality  of  the  limb,  notably  those  of  the  popliteal 
and  the  anterior  and  posterior  tibials. 


IN.JURIES  OF  JOINTS. 

A  great  change  for  the  better  has  taken  place  in  the 
results  obtained  in  the  treatment  of  wounded  joints. 

Experience  was  chiefly  gained  on  the  knee-joint,  for  it 
is  the  joint  most  frequently  hit,  most  easy  of  inspection, 
and  its  infection  is  followed  by  disastrous  consequences 
more  often  than  in  the  case  of  other  articulations. 

In  the  early  days  two  lines  of  treatment  were  followed. 
The  small  perforating  wounds  were  left  alone  and  allowed 
to  heal,  the  progress  of  the  joint  being  tested  by  aspira- 
tions if  necessary.  The  larger  wounds  with  escape  of 
synovia  or  actual  laying  open  of  the  synovial  sac  were 
drained,  and  at  first  the  drains  were  often  introduced  into 
the  joint  cavity.  The  results  of  this  treatment  were 
undeniably  bad,  and  all  sorts  of  heroic  measures  were 
adopted  for  the  arrest  of  the  septic  processes  which  ensued. 
But  continuous  irrigation  or  an  acute  flexion  of  a  widely 
opened  articulation  gave  equally  poor  results,  and  the 
patient  was  lucky  if  he  escaped  with  a  stiff  leg. 

The  first  improvement  was  the  abandonment  of  the 
intra-articular  drains.  The  next  was  the  excision  of  the 
wound,  the  removal  of  any  foreign  body,  the  flushing  of 
the  joint,  and  in  some  cases  the  closure  of  the  capsule  and 
the  insertion  of  a  superficial  drain.  Closure  was  especially 
advocated  by  Colonel  Gray  in  the  year  1915. 

The  next  step  was  perhaps  a  bold  one.  As  soon  as 
possible  after  the  receipt  of  the  injury — that  is,  in  the 
casualty  clearing  station — the  wound  was  excised,  the 
joint  opened,  cleaned,  and  irrigated,  and  then  the  whole 
wound  in  the  synovial  sac  and  the  superficial  tissues  was 
tightly  closed.  It  was  certainly  astonishing  how  seldom 
infection  followed  such  treatment,  even  when  fragments 
of  shell  or  pieces  of  clothing  had  been  removed  from  the 
joint ;  but  for  its  success  it  is  essential  that  the  incisions 
around  the  wound  edges  should  be  carried  quite  clear  o^ 
all  infected  tissue,  and  that  the  strictest  asepsis  is 
assured. 

Now,  every  knee-joint  with  such  a  wound  is  given  the 
chance  of  healing  by  first  intention,  although  the  closure 
of  the  joint  defect  may  entail  the  performance  of  a  plastic 
operation  to  provide  an  adequate  cover  with  a  flap  of 
synovial  membrane  or  skin.  Even  if  some  infection  does 
follow  the  closure  of  the  joint,  it  is  well  not  to  be  in  too 
great  hurry  to  lay  the  articulation  open,  for  a  certain 
number  of  such  joints  do  settle  down  and  provide  a  better 
limb  than  if  submitted  to  more  active  treatment. 

When  the  joint  wound  is  complicated  with  fracture  of 
bone  it  may  still  be  possible  in  some  cases  to  close  it 
with  success.  In  cases  of  compound  fracture  of  the 
patella    with     loss    of    substance,    partial    or    complete 
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'removal  of  the  fragmeuts,  and  the  provision  o£  a  skiu 
flap,  will  offceu  be  followed  by  primary  healing. 

When  the  tibia  or  femur  are  involved  the  case  becomes 
Vaore  serious.  Of  the  two  fractures  that  of  the  tibia  is  the 
most  to  be  feared. 

In  cases  of  only  partial  loss  of  the  articular  surface  of 
either  the  tibia  or  femur,  and  also  in  linear  oblique  frac- 
tures of  botu  bones  running  up  into  the  joint,  it  is  often 
worth  while  to  try  to  close  the  joint  and  to  obtain  primary 
union. 

Where  there  is  much  comminution  of  bone,  however,  and 
a  dirty  wound  it  is  better  to  abandon  all  hope  of  saving  the 
joiut  and  perform  a  limited  primary  excision.  After  such 
an  operation  the  joint  surfaces  are  usually  kept  apart  by 
extension  on  a  suitable  splint,  and  Carrel's  treatment 
adopted  until  the  wound  cleans,  when  the  bone  surfaces 
may  be  allowed  to  come  into  contact. 

The  knee  is  the  only  joint  in  the  body  in  which  pene- 
tration of  the  synovial  sac  is  at  all  commouly  seen  without 
damage  to  the  bony  constituents  of  the  articulation.  It  is 
therefore  not  common  to  have  the  opportunity  of  closing 
other  joints,  but  the  opportunity  should  be  taken  when  it 
is  offered. 

More  often  the  surgeon  has  to  treat  a  greatly  disorganized 
articulation,  and  in  such  cases  a  primary  excision  is  most 
probably  the  best  course,  especially  in  the  case  of  the 
shoulder  and  the  elbow. 

The  primary  treatment  of  wounded  joints  may  be 
summarized  as  follows  : 

1.  Fixation  on  a  suitable  splint.  In  the  case  of  the 
knee  this  splint  should  be  one  of  the  varieties  of  tlie 
"  Thomas  "  as  used  for  fractured  thigh. 

2.  Beyond  this  treatment  nothing  more  is  required  in 
simple  perforating  wounds. 

3.  The  taking  of  an  ,r  ray  picture  in  cases  where  there 
is  a  possibility  of  the  retention  of  a  missile  or  of  fracture 
of  the  bones. 

4.  The  excision  and  cleansing  of  the  damaged  tissues 
and  the  exploration  and  lavage  of  the  joiut. 

5.  The  closure,  if  possible,  of  the  joiut  cavity. 

HEAD   INJURIES. 

At  the  beginning  of  the  war  surgeons  called  upon  to 
treat  head  injuries  applied  the  ordinary  rules  of  civil 
practice  and  operated  on  them  at  once.  They  were  con- 
firmed in  their  opinion  that  operation  was  right,  since, 
apart  from  the  mere  physical  defects,  many  patients 
seemed  to  be  suffering  from  compression. 

These  operations  were  done  both  at  casualty  clearing 
stations  and  field  ambulances,  but  the  best  method  of 
operative  treatment  was  as  yet  undeveloped,  and  the  result 
was  that  many  septic  complications  were  seen  at  the  base. 
Next,  it  was  noticed  at  the  base  that  cases  which,  from 
force  of  circumstances,  arrived  there  unoperated  upou,  did 
better  than  those  operated  on  at  the  front.  This  was 
attributed  at  first  to  faulty  technique,  and  within  limits 
this  criticism  was  just,  as  the  right  operation  was  as  yet 
undeveloped,  both  at  the  b.ase  and  the  front. 

The  observation  was  next  made  that  if  patients  were 
kept  quiet  at  the  place  where  they  were  operated  upon 
they  did  well,  while  cases  operated  on  and  apparently 
doing  well  were  reported  to  have  arrived  in  bad  condition 
at  the  base  when  evacuated  early. 

It  thus  became  obvious  that  there  were  two  reasons  for 
head  cases  doing  badly  :  (1)  The  want  of  a  good  operation, 
(2)  early  evacuation  of  cases  well  operated  on. 

There  were  then  two  alternatives:  The  cases  must  be 
either  operated  on  at  the  front  and  kept,  or  else  evacuated 
as  soon  as  possible  to  the  base  before  operation  ;  a  patient 
must  not  be  operated  upon  and  evacuated  forthwith.  Two 
procedures  were  therefore  adopted.  In  times  of  pressure 
head  cases  were  cleaned  up  and  sent  to  the  base  at  once, 
provided  they  were  fit  to  travel,  and  in  ([uiet  times  they 
were  operated  on  and  kept  at  rest  at  a  casualty  clearing 
station  for  a  week  or  ten  days.  Even  this  period  of  rest 
after  operation  proved  too  short,  though  the  results  were 
better  than  in  earlier  evacuation. 

The  next  step  was  the  establishment  of  special  hospitals 
for  head  cases  at  the  front.  Advantage  was  taken  of  the 
fact  that  a  head  case  before  operation  travelled  well,  and 
the  special  hospitals  were  ))laced  in  the  back  part  of  an 
army  area.  These  hospitals  were  never  subjected  to  the 
sudden  pressure  that  may  fall  on  an  advanced  casualty 


station,  and  consequently  the  cases  could  remain  there  for 
a  long  time.  By  this  means  patients  experienced  the 
advantages  both  of  early  operation  and  prolonged  rest. 
The  actual  method  of  evacuation  is  as  follows  :  The 
patients  are  brought  from  the  trenches  to  the  casualty 
clearing  station  as  rapidly  as  possible.  Here  they  are 
examined  and  dressed.  If  the  pulse  is  slow  they  are  sent 
on  to  the  special  hospital.  If  the  pulse  is  rapid  they  are 
put  to  bed  and  evacuated  later,  should  they  improve.  No 
special  attention  is  paid  to  the  type  of  wound — relia.nce  is 
placed  on  the  slow  pulse  as  a  sign  that  the  patient  will 
bear  the  journey. 

The  type  of  operation  that  has  eventually  been  found 
most  beueticial  has  been  arrived  at  after  many  changes. 
Workers,  comparatively  far  apart  and  not  in  direct  com- 
munication, have  evolved  very  much  the  same  operation. 
At  the  front  a  small  conservative  operation  was  formerly 
practised  which  experience  has  shown  to  have  been  a  little 
too  limited  in  scope.  At  the  base  there  were  two  schools — 
one  favoured  an  extensive  removal  of  bone  and  a  scalp 
flap,  the  other  an  enlargement  of  the  scalp  wound  and  a 
limited  removal  of  bone.  Gradually  the  types  of  operations 
have  approximated.  It  has  been  found  that  the  removal 
of  bone  sufficient  to  expose  half  an  inch  square  (1.27  cm.l 
of  uninjured  dura  is  best  suited  to  most  cases.  Opinions 
still  differ,  perhaps,  as  to  the  comparative  merits  of  making 
a  flap  or  enlarging  the  scalp  wound.  On  the  wiiole,  the 
flap  is  the  best  as  a  routine,  unless  the  wound,  as  in  the 
case  of  a  horizontal  one,  is  so  situated  as  to  compel  the 
use  of  a  very  large  one. 

The  recognition  of  the  fact  that  a  slow  pulse  is  not 
necessarily  a  S3'mptom  of  coiupression  (for  it  may  occur 
with  a  wide  exposure  of  the  brain),  and  that  the  symptoms, 
paralytic  and  otherwise,  are  not  due  to  depression  of  frag- 
ments but  to  a  destruction  or  commotion  of  the  braiu 
matter  which  is  not  remediable  by  ojieration,  has  also  had 
an  eft'ect  upon  procedure.  In  the  first  place,  a  slow  pulse 
is  welcomed  as  a  sign  that  recovery  may  follow,  and  it  is 
not  taken  as  a  sign  that  operation  is  urgently  needed,  but 
rather  that  it  is  worth  doing.  The  recognition  that  de- 
pression of  fragments  is  not  the  usual  cause  of  the  sym- 
ptoms has  also  done  away  with  the  notion  that  their 
removal  must  be  immediately  undertaken. 

It  is  true  that  the  sooner  a  dirty  wound  is  cleaned  up 
the  better,  but  immediate  operation  is  in  many  head  cases 
followed  by  a  great  drop  in  blood  pressure,  so  that  some 
delay  uiay  be  actually  beneficial  on  this  account,  and 
Colonel  Sargent  has  pointed  out  that  for  at  least  twenty- 
four  hours  after  injury  the  brain  is  liable  to  be  oedematons, 
and  to  extrude  unduly  if  operated  on  while  in  this  con- 
dition. A  moderate  delay  has  also  been  said  to  do  good  in 
that  it  allows  adhesions  to  form  between  the  dura  and  the 
pia  mater,  thus  lessening  the  chance  of  a  spread  of  infection 
over  the  brain  surface. 

At  the  same  time  that  the  best  type  of  operation  as 
regards  the  scalp  and  bony  defect  was  being  evolved  many 
other  points  were  in  the  process  of  settlement. 

1.  Excision  of  the  wound  was  soon  decided  on. 

2.  There  was  at  first  considerable  discussion  as  to  how 
far  the  brain  should  be  explored  for  bone  fragments  on  the 
one  hand  and  the  projectile  on  the  other.  Every  one  was 
agreed  that  an  x-ray  picture  had  become  a  necessity,  and 
the  opinion  was  gradually  formed  that  a  limited  and  in- 
telligent search  for  bony  fragments  and  other  foreign 
bodies  was  beneficial,  but  that  attempts  to  reach  a  missile 
wdiich  was  deejily  embedded  in  the  brain  was  not  justifi- 
able. Results  seem  to  have  proved  the  correctness  of 
this  line  of  treatment,  for  fragments  of  shell  are  reported 
to  have  caused  little  trouble  provided  their  weight  was  not 
enough  to  cause  pressure  on  the  surrounding  braiu  during 
movements  of  the  patient. 

3.  The  fact  that  many  patients  with  head  wounds 
suffered  from  septic  complications,  and  the  general  demand 
for  the  drainage  of  all  wounds,  led  at  first  to  the  eujploy- 
ment  of  drainage  in  most  cases  of  cranial  surgery,  not  only 
of  the  scalp  but  of  the  braiu  also.  The  results  of  drainage 
of  the  brain  were  not  satisfactory,  and  gradually  it  was 
abandoned,  at  any  rate  as  a  primary  measure.  The  intro- 
duction of  tubes  was  first  omitted,  and  subsequently, 
systematic  attempts  were  made  to  cover  in  the  exposed 
braiu,  the  scalp  being  brought  together  over  the  defect  in 
the  bone  and  dura,  either  by  simple  suture,  pericranial 
flaps,  or  relieving  incisions  formed  by  undercutting  the 
scalp.    A  drain  introduced  under  the  scalp  is  still  generally 
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oniployed.  This  covci'iuf^  up  of  tlio  brain  seems  to  liavo 
been  a  decided  success,  and,  aUhougli  septic  couiplicatious 
are  still  top  often  met  with,  thoy  are  less  frequent  than 
in  former  times.  There  has  consequently  been  a  great 
decrease  in  the  number  of  eases  of  hernia  cerebri. 

4.  There  is  still  some  difference  of  opinion  as  to  whether 
small  cranial  depressions  and  linear  fractures  with  slif^lit 
inequality  of  surface,  uncomplicated  by  symptoms,  should 
be  operated  on  in  the  first  instance. 

5.  Most  surgeons  have  accepted  the  recommendation  of 
Sargent  and  Gordon  Holmes  that  depressed  fractures  over 
the  longitudinal  sinuses  should  be  left  alone  in  the  first 
instance. 

6.  Most  operators  are  of  the  opinion  that  the  dura  mater 
should  not  be  opened  it  found  intact.  The  recognition  that 
true  compression  of  the  brain  is  seldom  seen  has  helped  the 
formation  of  this  opinion. 

7.  A  general  anaesthetic  may  with  advantage  be  replaced 
by  the  local  use  of  novocain  and  adrenalin.  If  this  method 
is  adopted  the  patient  is  given  either  hyoscino  and  mor- 
phine or  omnopon  and  scopolamine  an  hour  before  the 
operation. 

Thus,  bj'  careful  individual  observation,  and  by  the  com- 
parison of  results,  a  method  of  treatment  has  been  evolved 
which  is  applicable  to  all  cranial  wounds,  and  capable  of 
modification  in  individual  eases.  It  may  bo  summarized 
as  follows: 

A  primary  cleansing  of  the  wound.  The  transmission 
of  the  patient  as  soon  as  possible  to  the  hospital  where 
be  will  convalesce.  The  taking  of  x-ray  pictures.  The 
excision  of  the  scalp  and  bono  wound. "  A  limited  and 
careful  removal  of  foreign  bodies.  The  covering  of  the 
exposed  brain.  The  closure  of  the  wound,  with  superficial 
drainage,  and  a  prolonged  rest  in  bed. 


FRACTURES. 

The  tendency  throughout  the  war  has  been  to  abandon  all 
constricting  splints  and  to  trust  to  extension  for  fixation 
of  fragments.  In  the  first  place,  a  bandage  round  a  limb, 
which  might  from 
swelling  or  move- 
ment cause  con- 
striction, was 
found  to  favour 
the  onset  of  gas 
gangrene,  and  in 
the  second,  the 
various  forms  of 
Thomas's  splint, 
in  wdiich  the  limb 
lies  on  a  cradle, 
gained  more  and 
more  reputation  as 
a  means  of  efficient 
splintage.  Few 
other  .splints  are  now  used  on  the  lower  extremity.  It 
is  curious  that  while  plaster  splints,  both  as  emergency 
contrivances  and  as  a  means  of  permanent  fixation,  have 
steadily  increased  in  use  in  the  French  army,  in  our  own 
they  have  as  steadily  fallen  into  disuse. 

The  treatment  of  a  compound  fracture  must  be  divided 
into  two  parts:  (a)  The  cleansing  of  the  wound ;  (6)  the 
setting  or  reduction  of  the  fracture,  followed  by  its  main- 
tenance iu  good  position.  lu  the  early  stages  the  first  is 
by  far  the  most  important,  and  on  its  attainment  depends, 
within  limits,  the  success  of  the  second. 

Total  immediate  reduction  is  good  and  to  be  aimed  at, 
provided  it  can  be  carried  out  without  prejudice  to  the 
cleansing  of  the  wound,  but  an  incomplete  reduction,  or 
even  no  reduction  at  all,  may  be  advantageous  by  aiding 
the  disinfection  of  the  wound.  Surgeons  working  at  the 
front  are  therefore  mainly  concerned  with  the  primary 
cleaning  of  the  wound  and  with  the  means  to  transport  a 
patient  to  the  base  with  comfort  and  without  detriment  to 
the  wounded  limb. 

The  organisms  that  infect  a  compound  fracture  may  be 
roughly  divided  into  two  classes:  (a)  Anaerobic  or  gas 
gangrene  producing  infection ;  (6)  infection  due  to  pus- 
producing  organisms. 

Anaerobic  or  gas  gangrene  producing  infection  affects 
chiefly  the  muscles,  is  sudden  in  onset  and  development, 
but  tends  to  die  out  if  not  fatal  in  the  early  stages. 


Fractured  femur,  with  Tliomas's  splint  and  stretclier  suspension  bar. 


Infection  by  pus  producing  organisms  affects  all  the 
structures  of  a  limb,  is  generally  of  slower  development, 
and  fatal  at  a  considerably  later  period.  The  first  (a)  is 
the  chief  cause  of  death  at  the  front,  the  second  (6)  of 
death  at  the  base. 

From  the  fact  that  it  affects  muscles,  the  first  is  more 
amenable  to  treatment  by  mechanical  means — the  excision 
of  the  alf'ected  part  or  part  likely  to  be  infected;  but  the 
sec<ind,  giving  little  indication  of  its  presence,  cannot  be 
so  easily  removed  by  such  njcans. 

.At  the  beginning  of  the  war  fractures  were  treated  very 
much  as  they  were  in  South  Africa.  It  is  true  that  frag- 
ments of  projectiles  and  clothing  were  removed,  but  more 
attention  was  paid  to  the  solution  of  continuity  of  the 
bones  than  to  tlie  cleansing  of  the  ^v'ound. 

The  occurrence  of  gas  gangrene  quickly  called  for  a 
remedy,  which  was  found  in  amputation  or  incisions  into 
tlio  I'uuh.  Then  came  the  demand  from  the  base  for  free 
drainage.  .At  first  small  tubes  were  used;  as  these  proved 
inefficacious,  large  tubes  were  substituted.  At  the  same 
time  came  a  more  systematic  search  for  foreign  bodies. 
This  produced  an  improvement,  and  it  was  reported  that 
the  eases  that  came  down  with  adequate  drainage,  espe- 
cially those  with  dependent  drainage,  stood  a  far  bettor 
chance  than  those  in  whom  such  measures  were  not 
taken. 

About  this  time  attention  was  drawn  to  the  fact  that 
many  flesh  wounds,  if  freely  excised,  could  be  sutured  with 
success.  The  application  of  this  principle,  though  it  could 
not  be  applied  in  toto  to  fractures,  led  to  more  e-xtensive 
opening  up  and  to  better  mechanical  cleaning  by  the  ex- 
cision of  all  dead  tissue  and  the  more  efficient  removal 
of  foreign  bodies.  These  measures  greatly  reduced  the 
occurrence  of  gas  gangrene  and  produced  an  improvement 
in  the  suppurative  infections.  At  the  same  time  as  these 
improvements  were  taking  place  in  operative  technique 
the  adoption  of  the  Thomas  splint  for  the  lower  extremity 
in  one  of  its  many  forms  was  steadily  working  its  own  good. 
The  stretcher  in  the  ambulance  car  and  the  cot  in  the 
train  presented  a  difficulty—there  was  nothing  on  which 

to  rest  the  splint. 
This  difficulty  was 
overcome  by  two 
methods.  (1)  A 
form  of  Thomas's 
splint  (devised  by 
Captain  Max  Page) 
provided  with  an 
attached  foot-piece 
or  prop  was  used 
so  that  the  splint 
was  raised  off  the 
stretcher  and  the 
limb  lay  slung,  as 
it  should,  in  the 
splint.  (2)  Two 
forms  of  iron  bracket  (devised  respectively  by  Lieutenant- 
Colonel  Frankau  and  Captain  Richards),  attached  to  the 
foot  of  the  stretcher,  allowed  the  Thomas  splint  to  be 
suspended  above  the  canvas  of  the  stretcher. 

Patients  thus  travelled  easily  in  the  motor  ambulances, 
and  the  difficulty  of  the  cot  in  the  train  was  easily  sur- 
mounted by  sending  the  patient  down  on  the  stretcher. 
This  latter  expedient  has  been  of  great  benefit  to  the 
wounded,  as  once  placed  on  his  stretcher  at  the  casualty 
clearing  station  he  can  remain  undisturbed  until  he 
reaches  his  bed  at  the  base. 

The  fixation  in  a  Thomas  splint  depends  upon  the 
extension.  An  efficient  extension  is  therefore  of  prime 
importance.  Sinclair's  glue  has  provided  the  means.  It 
is  easily  and  quickly  applied,  and  has  the  additional 
advantage  that  it  produces  no  constriction  of  the  limb. 
It  has  another  advantage,  it  can  be  used  when  only 
a  short  portion  of  the  leg  is  available,  a  very  great 
gain  when  dealing  with  limbs  covered  with  multiple 
wounds. 

There  are,  of  course,  a  few  fractures  of  the  femur  that 
cannot  be  treated  with  Thomas's  splint — namely,  those  in 
which  a  wound  has  been  received  on  the  part  covered  by 
the  ring.  For  these  the  old  Listen  splint  is  used,  or  in 
some  cases  the  abduction  frame  of  Jones,  though  the 
bulk  of  the  latter  makes  it  unsuitable  for  work  at  the 
front. 
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Below  tlie  kuee  the  Thomas  splint  can  nearly  always  be 
used,  except  in  those  cases  in  which  the  fi-acture  is  near 
the  ankle.  Even  here  it  is  often  possible  to  use  it  by  the 
ai;.l  of  the  sole  extension  as  devised  by  Sinclair. 

In  the  case  of  fractures  of  the  upper  extremity  the 
Thomas  splint  has  not  proved  so  satisfactory,  but  only  for 
the  reason  that  the  straight  posture  of  the  arm  is  unsuited 
to  transport  excej^t  under  special  circumstances,  as  in 
transit  by  barge.  The  form  of  Thomas  splint  for  the 
bent  arm  has  not  proved  a  success.  For  transport  the 
form  of  internal  angular  splint,  with  a  hinged  back  piece 
for  the  upper  arm  as  devised  by  Captain  Colin  Clarke,  is 
probably  the  best. 

Tlie  development  of  the  operative  side  of  the  casualty 
cle  iriug  station  and  the  provision  of  .r  rays  has  been  of 
inerstimable  benefit  to  the  patient.  There  can  be  no  doubt 
tliat  tlie  chance  of  the  patient  recovering  with  a  good  limb 
and  of  escaping  a  long  period  of  suppuration  depends  on 
the  attention  that  can  be  paid  to  his  wound  in  the  first 
instance.  No  amount  of  aftercare  can  ever  make  up  for 
the  want  ot  it  at  tlie  first  moment.  A  thorough  and 
deliberate  operation  is  all-important.  There  must  be  a  tree 
opening;  the  cavity  must  be  explored  by  the  eye,  and  uot 
only  by  the  finger,  otherwise  dead  tissue  and  possibly 
foreign  bodies  will  be  passed  over. 

When  first  received,  the  wound  is  dirty,  but  the  number 
of  pus-producing  bacteria  is  comparatively  few.  In  a  few 
days  it  is  probable,  no  matter  what  treatment  is  adopted, 
that  they  will  have  greatly  increased  in  number.  If  the 
first  operation  has  been  incomplete,  a  second  may  be 
necessary  at  the  very  time  that  the  wound  is  in  the  worst 
po-isible  state,  and  the  procedure  necessary  to  supplement 
the  primary  operation  may  be  disastrous  in  exposin'g 
fasoial_  planes  to  infection  from  a  -svound  teeming  with 
bacteria. 

The  early,  deliberate  and  efficient  cleansing  of  the  wound 
is  the  basis  of  success,  uo  matter  what  chemicals  are  used 
after  it  is  completed. 

Eefkeence. 
British  Mkiucal  Jodbxal.  Aiisust  7ih,  1915. 


p::xetrating  wounds   of  the  chest  at 
the  casualty  clearing  stations. 

Colonel  Sir  WILMOT  HERRIXGHAJI,  C.B., 

CONSULTING   PHYSUIAN. 


The  number  of  chest  wounds  admitted  to  the  clearing 
stations  is  about  2  per  cent,  of  the  whole  number  of  wounds 
admitted.  The  most  favourable  cases  are  those  in  which 
a  bullet  has  gone  right  through  the  chest;  the  least  favour- 
able, those  made  by  a  piece  of  shell  which  is  retained 
within  the  chest. 

In  cases  where  the  missile  has  involved  both  the  chest 
and  the  abdomen  the  prognosis  is  very  unfavourable. 
Occasionally  the  whole  stomach,  or  part  of  the  intestine, 
is  drawn  up  into  the  pleura  through  a  wound  of  the 
diaphragm.  In  other  cases  the  abdominal  viscera  are  so 
injured  as  to  prevent  recovery.  In  any  case  the  addition 
of  a  wound  of  these  organs  to  the  temporary  loss  of  the 
use  of  one  lung,  which  is  the  usual  result  of  a  wound  of  the 
chest,  produces  a  condition  from  which  very  few  recover. 
Injury  to  the  spinal  cord  is  a  still  more  fatal  complication. 

The  following  notes  are  chiefiy  drawn  from  a  consecutive 
series  of  211  cases,  of  which  careful  observations  were 
made  and  recorded  at  the  time. 
_  The  patients  are  often  much  collapsed  at  time  of  admis- 
sion, so  that  in  many  cases  the  heart  cannot  be  felt,  and  in 
some  cannot  even  be  heard  for  the  first  twenty-four  hours. 
With  warmth,  rest,  and  morphine,  they  improve  greatly 
by  the  second  day. 

Few  cases  bleed  dangerously  from  the  external  wound. 
When  this  occurs,  it  can  usually  be  stopped  by  plu"ging 
the  wound.  There  is  often  much  distress  if  the  external 
wound  admits  the  free  entry  and  exit  of  air  in  respiration. 
It  is  almost  at  once  relieved  if  the  wound  be  made  air- 
tight with  strapping  over  the  dressing.  For  these  large 
openings  into  the  pleura,  in  which  sometimes  three  or  four 
ribs  are  smashed,  and  infection  from  the  open  air  would  be 
almost  inevitable,  a  form  of  procedure  has  recently  been 
adopted  which  promises  well.  After  careful  paring  of 
the  wound,  removal  of  loose  bone,  and  blunting  of  sharp 


edges,  the  skin  and,  where  possible,  the  muscles  are 
drawn  together  and  stitched  over  the  aperture,  leaving 
either  only  a  small  hole  for  a  drainage  tube  or  none. 
If  a  tube  is  left  in,  the  cavity  is  then  filled  with  an 
antiseptic.  One  surgeon  is  using  emerald  green,  1  part 
to  1,000  of  solution  of  gum  tragacanth,  for  this  purpose. 

In  all  but  fourteen  of  the  series  there  were  signs  of 
liaemothorax.  It  is  rare  for  the  effusion  to  increase  in 
extent  under  observation.  The  chief  safeguard  against 
continued  haemorrhage  is  collapse  of  the  lung.  In  one 
case  which  died  from  repeated  external  haemorrhage  the 
lung  was  found  adlierent  to  the  pleura  throughout. 
Collapse  had  not  in  consequence  taken  place.  In  another 
(uot  in  this  series)  that  died  with  an  increase  of  the 
liaemothorax,  by  repeated  internal  haemorrhage,  a  piece 
of  metal  was  found  lodged  in  a  large  pulmonary  vessel 
which  it  had  partially  but  not  completely  severed.  The 
retraction  of  the  vessel  was  thus  prevented. 

When  the  effusion  is  moderate  in  size,  reaching  not 
above  the  middle  of  the  scapula,  nor  further  forward  than 
the  mid-axillary  line,  it  does  not  cause  serious  distress. 
These  cases  form  the  great  majority.  In  them  by  the 
third  day  the  pulse  falls  to  84,  the  respirations  to  28,  and 
the  temperature  will  be  falling  also.  Since  the  observa- 
tions of  Bradford  have  shown  that  fresh  haemorrhage 
hardly  ever  occurs  after  the  lapse  of  seventy-two  hours 
from  the  wound,  such  cases  were,  as  a  rule,  evacuated  at 
the  end  of  that  time.  Information  from  the  base  showed 
that  this  policy  was  not  attended  by  any  bad  results. 

When  the  effusion  is  greater  than  tliis,  specially  if  it  is 
complicated  by  pneumothorax,  the  patient  usually  sliows 
distress.  The  heart  is  displaced,  the  pulse  is  above  100 
and  the  respiration  is  over  32.  Such  cases  are  not  fit  to 
travel.  They  should  be  aspirated,  and  about  a  pint  of 
blood  and  as  much  air  as  possible  should  be  withdrawn. 
Some  were  rendered  comfortable  by  this  procedure  and  were 
able  to  travel  without  damage  on  the  fourth  or  fifth  day. 
It  must  be  noted  that  the  hospital  was  close  to  the  train, 
and  that  though  the  journey  might  last  even  to  thirty 
hours  the  conditions  were  comfortable. 

It  was  not  thought  desirable  at  so  early  a  stage  to 
remove  the  fluid  completely  with  the  aid  of  oxygen  re- 
placement; that  procedure  was  therefore  left  for  the  base 
liospitals. 

In  the  latter  part  of  the  year  1916  a  new  method  of 
treatment  was  adopted  in  a  limited  number  of  cases, 
especially  in  patients  in  whom  a  missile  was  found  by 
.(•  rays  to  be  retained  in  the  chest.  On  the  second  day  after 
the  injury,  ribs  were  resected  or  a  costal  flap  turned  back, 
the  pleura  opened,  and  the  missile  removed.  The  pleura 
was  then  thoroughly  washed  out,  and  the  whole  wound 
carefully  closed.  The  number  of  cases  so  treated  is  as  yet 
insufficient  to  enable  definite  conclusions  to  be  drawn,  but 
experience  is  so  far  favourable. 

The  complications,  other  than  mere  size  of  the  haemo- 
tliorax,  which  prevented  early  evacuation,  were  either 
septic  infection  of  the  effusion  on  the  wounded  side,  or 
some  disease  of  the  lung  on  the  opposite  or  uuwounded 
side.  In  many  cases  a  missile  rakes  the  chest  and  enters 
both  pleurae.  Neither  lung  can  then  be  called  uuwounded. 
The  term  is  confined  to  cases  where  one  pleura  alone  has 
been  injured.  These  complications  will  now  be  con- 
sidered. 

In  some  cases  the  patient  may  bo  comfortable  while  at 
rest  and  have  no  fever,  but  on  examination  there  may  be 
tlie  signs  of  consolidation  of  the  un wounded  lung,  and 
movement  may  produce  shortness  of  breath  and  some 
cyanosis.  In  such  cases  the  condition  is  that  of  massive 
collapse  of  part,  usually  at  the  base,  of  the  uuwounded 
lung.  The  side  is  often  contracted,  the  heart  is  drawn 
over,  and  the  .r  ra3'S,  if  available,  show  the  diaphragm 
raised  and  motionless.  This  condition,  familiar  after 
abdominal  operations  in  civil  life,  was  found  by  Bradford  to 
be  a  frequent  complication  of  chest  wounds.  It  clears  up 
in  about  a  week. 

In  other  cases  there  may  be  an  increasing  cyanosis  and 
distress,  even  at  rest,  for  which  the  condition  of  the 
wounded  side  does  not  account.  On  the  uuwounded  side 
there  may  be  the  signs  of  bronchopneumonia.  Some  of 
these  are  true  cases  of  that  disease.  But  more  of  them 
are  due  to  engorgement  of  the  unwounded  lung  which 
affects  the  back  and  the  lower  lobe  chiefly.  The  whole  of 
the  affected  part  is  solid  with  blood,  and  on  section  pre- 
sents a  glistening  surface  of   dark   crimson   colour.      Its 
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causation  is  not  clear,  but  the  sitiialion  argues  failure  of 
the  pulmonary  circulation. 

Unquestionably,  however,  if  the  cases  bo  followed 
throuf^h,  the  most  common  complication  of  chest  wounds 
is  infection  of  the  haemothorax.  When  cases  arc  sent 
down  on  the  fourth  day  not  many  infected  cases  are 
seen  at  the  clearing  station.  It  is,  however,  important 
that  the  medical  officer  should  be  quick  to  mark  its 
symptoms.  The  face  is  pale,  though  there  may  be  a  local 
flush,  the  expression  anxious,  the  tongue  dry,  the  appetite 
bad,  and  there  may  be  vomiting.  The  pulse  and  respira- 
tion usually  quicken  and  the  temperature  rises.  In  many 
cases  gas  formation  within  the  thorax  is  shown  by  the 
alteration  of  the  physical  signs  and  the  displacement  of 
the  heart.  But  this  does  not  always  occur,  uor  are  any  of 
the  other  symptoms  constant. 

Briefly  speaking,  whenever  the  medical  officer  is  dis- 
satisfied with  the  progress  of  the  patient  and  cannot 
otherwise  explain  it,  he  should  always  suspect  septic 
infection.  If  suspicion  is  aroused,  aspiration  should  be 
performed  at  once.  Sometimes  the  fluid  will  be  found  to 
stink,  or  it  may  be  seen  to  contain  pus,  or  the  froth  may 
I'emain  permanently  crimson  from  haemolysis.  Any  of 
these  signs  is  sufficient  to  indicate  that  a  free  opening 
should  immediately  be  made.  If  doubt  remains,  it  is  well, 
after  drawing  oft'  a  pint  of  the  effusion,  to  leave  tlie  patient 
for  a  day,  and,  unless  he  has  by  then  obviously  improved, 
±0  operate.  Bacteriological  evidence,  when  forthcoming, 
is  valuable  as  a  confirmation,  but  it  is  on  the  one  hand 
uncertain,  for  the  infection  may  be  confined  to  a  certain 
part  only  of  the  pleura,  and  on  the  other,  may  cause 
.considerable  delay.  Clinical  evidence  should  always  be 
trusted,  and  action  taken  upon  it  without  hesitation. 

Five  cases  of  septic  infection  occurred  before  the  fifth 
day  after  the  wound  in  the  present  series  of  cases.  In  all 
ii  free  opening  was  made  at  the  clearing  station,  and  all 
these  patients,  though  some  of  them  were  very  ill  for  a 
±ime,  recovered  sufficiently  to  be  evacuated. 

In  the  whole  series  there  were  twenty-two  deaths,  of 
which  two  were  due  to  wounds  of  the  heart,  ten  to  con- 
ditions of  the  pleura  and  lungs,  and  ten  to  wounds  of  the 
spine  or  abdomen.     The  remainder  were  evacuated. 


THE   ADMINISTRATION   OF   ANAESTHETICS 
AT    THE    FRONT. 

BY 

Captain  GEOFFREY  MARSHALL,  R.A.}.I.C.(S.R.). 


II.  Thu  Sekiously  Wounded. 
In  the  more  serious  cases  the  one  consideration  is  safety. 
In  other  words,  we  require  an  anaesthetic  which  will  not 
bo  harmful  to  a  patient  who  is  still  suffering  from  the 
.shock  of  injury,  and  one  which  will  minimize  the  shock  of 
operation. 

Sp  in  a  I  A  n  a  cstJi  cs  ia . 
It  has  been  urged  that  spinal  anaesthesia  would  meet 
these  requirements,  especially  in  wounds  of  the  legs  and 
thighs,  and  would  therefore  be  of  great  value  in  military 
surgery.  In  practice,  however,  it  is  found  that  the  intra- 
thecal administration  of  stovaine  has  dangers  of  its  own 
when  applied  to  men  whose  wounds  are  recent.    In  a  large 


From  the  point  of  view  of  the  anaesthetist,  wounded  men 
may  be  divided  into  three  main  clas.ses: 

1.  The  lightly  wounded. 

2.  Those  suffering  from  serious  wounds  with  more 
or  less  shock  and  haemorrhage,  the  two  factors  being- 
commonly  associated. 

3.  Those  suffering  from  a  severe  degree  of  sepsis, 
especially  anaerobic  infection. 

The  choice  of  anaesthetic  depends  on  which,  of  these 
classes  the  patient  belongs  to,  as  well  as  on  the  region  of 
the  body  injured. 

1.  The  Lightly  Wounded. 

These  patients  are  good  subjects  for  anaesthesia,  so  that 
the  chief  desiderata  are  safety,  speed,  and  convenience. 
The  ideal  anaesthetic  is  one  with  which  induction  is  rapid, 
and  recovery  complete  a  few  minutes  after  operation,  so 
that  the  patient  is  in  tit  condition  for  early  evacuation  by 
ambulance  ti'ain. 

Gas  and  oxygen  anaesthesia  meets  these  requirements 
best.  With  its  help  a  greater  number  of  these  cases  can 
he  dealt  with  satisfactorily  in  a  limited  time  than  with 
any  other  anaesthetic.  When  this  method  is  not  available, 
ether  should  be  used.  The  ether  is  best  administered 
as  a  warm  vapour  by  "  Shipway's  apparatus,"  as  both 
induction  and  recovery  are  more  rapid  than  with  the 
open  method. 

Local  anaesthesia  can  only  be  employed  in  a  small 
number  of  cases,  on  account  of  the  multiplicity  of  wounds 
and  their  lacerated  and  soiled  condition. 
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In  the  charts  the  contiyiuous  line  reiiresents  blood  jjressiire  in 
millimetres  of  mercury.  The  dotted  line  represents  pulse  rate 
per  minute. 

Chart  I.— Spinal  anaesthesia.  Group  A.  Stovaine  0.075  gram. 
Wounds  of  leg  and  buttock  twenty-one  hours.  Haemoglobin  85  per 
cent.  Operation  conservative.  Death  twenty-four  hours  later 
from  gas  gangrene. 

proportion  of  these  cases  the  administration  is  follo"sved  by 
a  great  fall  of  blood  pressure  and  symptoms  of  cerebral 
anaemia,  that  is,  pallor,  vomiting,  loss  of  consciousness,  and 
occasionally  convulsions.  The  syncope  is  sometimes  fatal. 
It  is  in  the  man  who  lias  lost  blood,  and  whose  wounds 
are  less  than  forty  hours  old,   that  spinal   anaesthesia  is 
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Chart  II.— Si)inal  anaesthesia.  Group  B.  Stovaine  0.1  sram 
with  glucose.  Wounds  of  thigh  sixteen  hours.  Haemoglobin 
102  per  cent.    Operation  conservative.    Recovered. 

dangerous.  This  is  shown  by  an  analysis  of  fifty  consecutive 
cases  operated  on  at  a  clearing  station  under  stovaine 
spinal  anaesthesia. 
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All  the  patients  had  wounds  of  the  lower  extremities. 
In  each  case  the  pevcoutage  of  liaemoglobiu  in  the  patient's 
blood  was  estimated  before  operation ;  a  low  percentage  of 
haemoglobin  in  a  man  whose  wounds  are  recent  may  be 
taken  to  indicate  that  the  patient  has  bled.  The  fifty 
cases  fall  into  three  groups  : 

Group  A. — Men  operated  on  within  forty  hours  of 
receiving  their  wounds,  and  whose  blood  was  dilute 
(indicating  ha.emorrhage). 

Group  B. — Men  operated  on  within  forty  hours  of 
receiving  their  wounds,  whose  blood  was  not  dilute. 

Group  C. — All  cases  in  which  a  greater  interval  than 
forty  hours  had  elapsed  between  wounding  and  operation. 
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Chart  III. — Spinal  anaesthesia.  Group  C.  Stovaine  0.1  f^ram 
with  glucose.  Wound  of  tbigh  and  femoral  artery  twenty-three 
days.  Haemoglobin  45  per  cent.  Gangrene  of  leg.  Amputation 
lower  third  thigh.     Recovered. 


In  Group  A  thei-e  were  twenty-two  cases.  Of  these, 
nineteen  showed  symptoms  of  collapse  after  injection  of 
the  anaesthetic.  The  average  fall  of  blood  pressure  was 
57  mm.  of  mercury:  in  only  three  cases  was  the  fall  of 
pressure  less  than  35  mm.,  the  greatest  fall  was  99  mm. 

In  Group  B  there  were  sixteen  cases.  Of  these,  only 
three  developed  any  untoward  symptoms  after  injection, 
and  these  were  trivial — in  one  case  nausea  and  in  the 
other  two  pallor  only.  The  average  fall  of  blood  pressure 
was  17  mm.,  the  greatest  33  mm. 

In  Group  C  there  were  six  cases.  None  showed  any 
symptoms  of  collap.se.  The  average  fall  of  blood  pressure 
was  19.7  mm.  and  the  greatest  35  mm. 

For  the  prevention  or  combating  of  the  collapse  the 
most  important  factor  was  found  to  be  the  position  of  the 
patient :  the  symptoms  are  alleviated  by  raising  the  legs 
and  lowering  the  head.  It  is  safe  to  lower  the  head 
fifteen  minutes  after  injection.  Neither  strychnine  nor 
pituitrin  were  of  any  use  in  combating  the  collapse, 
nor  did  preliminary  injection  of  strychnine  prevent  it. 
The  dose  of  stovaine  given  varied  from  0.05  to  0.1  gram, 
and  within  these  limits  the  fall  of  blood  pressure  was  not 
proportional  to  the  dose  of  the  drug.  Some  of  the  greatest 
falls  of  pressure  were  associated  with  the  smallest  doses 
of  stovaine  and  vice  versa.  With  doses  smaller  than 
0.05  gram,  the  anaesthetic  effects  were  so  slow  and 
uncertain  as  to  make  the  method  impracticable  at  a 
clearing  station. 


In  the  second  place,  morphine  should  be  withhelc) 
before  operation  or  given  only  in  small  doses. 

In  the  third  place,  gas  and  oxygen  should  be  the 
anaesthetic  used  for  operation.  Results  are  so  much 
better  with  this  mixture  that  no  other  anaesthetic  is 
justifiable. 

If  chloroform  be  used,  the  patient's  condition  will 
deteriorate  during  the  administration,  and  he  will  not 
rally  afterwards.  With  inhalation  ether  the  condition 
may  improve  and  the  blood  pressure  rise  during  operation, 
but  there  will  be  a  collapse  during  the  next  two  hours. 
With  intravenous  ether  the  temporary  improvement  is 
more  striking  and  the  after-collapse  more  profound  and 
more  often  fatal. 

Slwcl: 
Shock  is  a  condition  which  still  evades  precise  definition, 
although  seen  so  commonly  in  wounded  men.  The  injuries 
whicli  cause  it  are  almost  invariably  severe  in  themselves, 
that  is,  they  involve  important  structures  or  extensive 
areas  of  tissue.  In  a  typical  case  there  is  dusky  pallor  of 
the  face,  the  radial  pulse  is  flickering  or  imperceptible,  and 
the  surface  temperature  low.  There  is  repeated  vomiting, 
but  the  patient  shows  remarkably  little  mental  disturb- 
ance, and  may  be  fully  conscious  and  intelligent  within  a 
few  minutes  of  death.  The  arterial  blood  pressure  is  often 
higher  than  might  be  expected  from  the  character  of  the 
pulse,  and  shock  is  usually  profound  if  associated  with  a 
systolic  pressure  lower  than  80  mm.  of  mercury  ;  we  refer 
to  readings  taken  bj'  means  of  a  Riva-Eocci  sphygmomano- 
meter with  auscultation  over  the  brachial  artery.  The 
blood  in  the  capillaries  of  the  extremities  is  dark  and 
cyanotic.  In  cases  of  shock  unassociated  with  haemor- 
rhage we  have  found  the  blood  to  be  more  concentrated 
than  normal. 


Treatment  of  SJiocJi  before  Operation. 

We  have  stated  that,  however  urgent  it  may  be.  opera- 
tion should  not  be  performed  on  a  patient  suffering  from 
shock  until  means  have  been  taken  to  mitigate  this 
condition. 

The  one  measure  which  commonly  produces  definite 
improvement  is  the  application  of  external  warmth.  Ex- 
cellent results  have  been  obtained  by  the  application  of 
heat  from  electric  light  lamps  or  by  the  use  of  an 
improvised  hot-air  bath,  and  if  such  a  patient  as  we  have 
described  be  put  to  bed  and  treated  by  these  methods,  or 
surrounded  with  hot  bottles,  his  surface  temperature  rises, 
his  colour  improves,  and  his  arterial  blood  pressure  will  as 
a  rule  go  up  steadily  for  several  hours.  He  will  then  be 
much  less  likely  to  succumb  if  subjected  to  a  severe 
operation. 

Fluids  are  best  given  either  by  mouth  or  rectum.  Sub- 
cutaneous infusion  produces  no  measurable  effect  in  this 
type  of  case ;  and  if  death  occurs  as  late  as  thirty  hours 
after  infusion,  the  bulk  of  the  fluid  will  still  be  found  in 
the  subcutaneous  tissues.  The  intravenous  administration 
of  saline  is  of  little  use  before  operation.  It  causes  a 
temporary  rise  of  blood  pressure  and  slowing  of  the  pulse 
rate,  but  does  not  render  the  patient  less  susceptible  to 
further  shock.  The  blood  pressure  falls  again  as  soon  as 
operation  is  begun.  Transfusion  is  best  done  towards  the 
end  of  operation;  it  will  theu  often  cause  a  lasting  im- 
provement in  the  patient's  condition.  "We  have  found  that 
hypertonic  saline  produces  a  more  lasting  elevation  of 
blood  pressure,  slowing  of  the  pulse,  and  dilution  of  the 
blood  than  does  the  normal  solution.  Transfusion  with 
blood  gives  still  better  results.  The  use  of  artificial 
viscous  fluids  is  still  under  trial. 


Wounds  of  the  Limbs  Necessitatiuff  AmjJufation. 

There  are  few  more  unfavourable  subjects  for  anaes- 
thesia than  the  man  who  is  suffering  from  the  shock  of  a 
recently  shattered  limb,  and  who  has  to  undergo  the 
further  shock  of  amputation.  The  mortality  of  these 
cases  can  be  greatly  reduced  if  correct  procedure  be 
followed. 

In  the  first  place,  the  patient  must  be  put  to  bed  and 
surrounded  with  hot  bottles  or  a  hot-air  bath.  However 
urgent  operation  may  be  surgically,  it  is  useless  to 
perform  it  before  the  patient  has  been  thoroughly 
warmed  up. 


TJte  Limitation  of  SJioci  duri^ig  Ojieration. 
The  recently  injured  patient  is  particularly  susceptible 
to  further  shock,  and  this  susceptibility  is  increased  by 
certain  drugs  used  in  the  production  of  anaesthesia,  for 
example,  chloroform,  ether,  and  morphine  iu  large  doses. 
These  drugs  should  therefore  be  avoided  in  dealing  with  a 
patient  who  is  suffering  from  recent  wounds  and  who  has 
to  undergo  a  severe  operation  such  as  amputation  through 
the  thigh.  Chart  IV  shows  the  serious  fall  of  blood 
pressure  which  occurred  an  hour  after  amputation  under 
ether  vapour  anaesthesia.     Charts  V  and  VI  illustrate  the 
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still  greater  collapse  attci-  inti-avonous  ptlior.  Chart  VII 
shows  how  trivial  is  tho  elTccit  on  i)ulSo  rate  and  blood 
pressure  when  tho  operation  is  dono  under  gas  and 
oxygen. 

Wo  have  already  indit-ati'd   that  uuiputatiou  is  a  much 
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Chart  IV. — Anaesthesia  by  ether  vapoxu*.    Wound  of  leg   thirty- 
sis  hours ;  tibia  shattered.    Haemoglobin  62  per  cent'.    Amputation  i 
lower  third  thigh.    Kecovered. 

less  dangerous  procedure  to  a  patient  who  is  not  already 
suffering  from  shock  or  haemorrhage.  Chart  III  was  an 
example  of  amputation  under  spinal  anaesthesia,  and 
Chart  YIII  under  intravenous  ether,  both  in  cases  of 
severe  sepsis  but  in  which  the  initial  shock  of  injury  had 
passed  off.  Chloroform  is  dangerous  even  in  this  type  of 
case  ;  Chart  IX  illustrates  a  fatal  e.xample. 

Wounds  of  the  Head. 
Operations  on  the  head  may  be  performed  under  local 
anaesthesia.     All  tissues  of  the  scalp  are  intiltrated  in  a 
circle  surrounding  the  site  of  operation  with  a  solution  of 
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Chart  V. — .Anaesthesia  by  intravenous  ether.  Wound  of  thigh 
twenty-two  hours;  femur  fractured.  Haemoglobin  84  per  cent. 
Operation  conservative.    Recovered. 


and   oxygen   is  administered    througli   a   catheter   passed 
down  the  more  patent  of  the  two  nostrils.   . 


W'oitiidn  of  the  Chesl. 
not  be  administered  to  a  patient  with  a 


Kthcr   sliould 
perforating    wound   of    the  chest,  as   it  usually  provokes 
fresh    intrathoracic    haemorrhage.     For  small  operations, 


Anaesthetic  finlra^ertotut  ether) 


140 
130 
IM 
110 


/^ 

/  \ 

Up/ 

'•-' 

\~--_ 

\            V 

\ 

11'    i" 

\ 

r 

1     4 

20       30 
Miitute.t 


1  Hour  ^  flours 

after    operation 


Chart  VI. — .Anaesthesia  by  intravenous  ether.  Wound  of  leg 
six  days.  Secondary  haemorrhage  seven  hours  before  operation. 
Amputation  mid-thigh  ;  collapse  and  death  eighty  minutes  after. 

such  as  the  resection  of  a  rib,  local  anaesthesia  should  be 
employed.  The  intercostal  nerves  of  the  I'ib  to  be  resected 
and  the  rib  above  are  blocked  by  injection  of  a  solution  of 
novocain  and  adrenalin  into  the  subcostal  grooves  close 
to  the  angles  of  the  ribs.  For  more  extensive  operations, 
requiring  general  anaesthesia,  we  give  a  preliminary  injec- 


tioa   of   morphine 


hyoscine    gr.    jjjy,    and   atropine 


and  follow  this  with  a  minimal  amount  of  warm 
chloroform  vapour  with  o.xygen. 

Wotnids  of  the  Abdomen. 
For  these  cases  we  have  found  the  most  satisfactory 
anaesthetic  to  be  a  warmed  mixture  of  ether  vapour  and 
oxygen.  Compared  with  "  open  ether,"  we  find  that  the 
warm  vapour  gives  a  more  rapid  and  quiet  induction, 
easier  breathing,  and  diminished  heat  loss  during  operation 
and  less  vomiting  afterwards. 
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Chart  VII.— .\naesthesia  by  gas  and  o.\ygen.  Wound  of  thigh 
twenty-one  hours  ;  femur  shattered.  Patient  pale  and  vomiting. 
Haemoglobin  82  per  cent,    .\mputation  mid-thigh.    Recovered. 


noTocain  and  adrenalin.  No  pain  is  felt  even  when  bone 
and  dura  are  dealt  with.  On  the  other  hand,  tho  forcible 
cutting  of  bone  is  disturbing  to  the  patient,  so  that  where 
mentality  is  unimpaired,  hyoscine  and  morphine  should  be 
given  an  hour  before  operation.  If  general  anaesthesia  is 
preferred,  this  may  be  obtained  safely  and  conveniently 
with  Shipway's  apparatus.  A  warmed  mixture  of  ether 
9 


Men  wounded  in  the  abdomen  are  especially  liable  to 
develop  bronchitis,  perhaps  owing  to  deficient  movement 
of  the  lower  part  of  the  chest.  In  a  series  of  these  cases 
anaesthetized  with  open  ether,  54  per  cent,  developed 
bronchitis  after  operation.  In  a  comparable  series 
anaesthetized  with  warm  ether  vapour,  the  percentage 
of  bronchitis  was  only  14.7. 


5° 
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Blood  Pressure  durinci  Operations  on  the  Wounded 
A  bdomen. 
During  the  course  of  au  ether  vapour  anaestlietic  the 
blood  pressure  shows  a  tendency  to  rise,  but  if  there  is 
much  manipulation  of  gut  and  mesentery,  it  will  gradually 
fall.  The  process  may  be  continued  for  liours  witliout  the 
pressure  falling  to  a  dangerous  level.     Exposure   of   gut 
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\  Chart  VIII. — Anaesthesia  by  intravenous  ether.  Wounds  of 
botli  thishs  fifteen  days.  Left  thiLih  amoutated  tliirteen  days. 
Severe  sepsis,  persistent  hiccougli  and  vomiting.  Amputation  lower 
third  rit'llt  thigh.     Recovered. 

outside  the  abdominal  cavity  produces  a  much  moi-e 
serious  effect.  If  more  than  two  or  three  feet  are  ex- 
posed, the  blood  pressure  will  commence  to  fall  after  a 
few  minutes,  and  will  continue  to  fall  rapidly  until  the  gut 
is  replaced.  This  effect  is  seen  when  stomach  and 
omentum  are  exposed,  and  even  with  great  omentum 
alone.  The  indication  is  that  surgeons  should  make  big 
incisions,  and  work  as  far  as  possiiile  with  the  gut  lying 
inside  the  abdomen.  Covering  the  exposed  gut  with  pads 
wrung  out  in  hot  saline  does  not  prevent  the  fall  of  blood 
pressure. 

Exposure  of  gut  produces  far  less  effect  if  the  patient  is 
not  under  an  anaesthetic.     We  have  seen  men  arrive  from 
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Ch.\rt  IX.— Anaesthesia  by  chloroform  vapour,  ^^'ound  of  leg 
seven  days.  Hecondary  amputation  lower  third  thigh.  Death 
ten  hours  after  operation. 

the  line  with  several  feet  of  intestine  prolapsed  through  a 
wound,  yet  their  blood  pressure  was  within  normal  limits. 
In  one  case  more  than  two-thirds  of  the  small  gut  had 
been  outside  the  abdominal  cavity  for  at  least  four  hours, 
and  this  man's  blood  pressure  was  142  mm.  of  mercury, 
and  his  pulse  rate  only  108.     The  patient  recovered. 

Apart  from  copious  haemorrhage,  there  is  one  other 
procedure  which  causes  rapid  fall  of  blood  pressure  in 
abdominal  operations.     This  is  turning  the  patient  on  bis 


side.  The  effect  is  only  seen  if  the  patient  has  been  under 
the  auaestljetic  for  a  considerable  time  before  being 
turned.  At  the  end  of  au  abdominal  operation  the  patient 
may  be  in  good  condition.  He  is  then  turned  on  the  right 
or  left  side  so  that  the  surgeon  may  excise  a  wound  in  the 
back.  In  a  few  minutes  tliere  is  a  great  fail  of  blood 
pressure,  and  the  radial  pulse  disappears.  It  may  be 
hours  before  the  patient  recovers  this  lost  ground.  If 
possible,  wounds  of  the  back  should  be  dealt  with  before 
laparotomy,  as  turning  the  patient  has  no  ill  effect  during 
the  first  half-hour  of  an  etlier  anaesthesia. 

If  chlorotoriu  be  used  in  these  abdominal  operations,  the 
blood  pressure  will  fall  during  admiiiistration  and  for  some 
hours  afterwards.  This  drug  is  therefore  to  be  avoided 
except  where  ether  is  contraiudicated,  as  in  cases  in  which 
projectiles  have  penetrated  the  chest  as  well  as  the 
abdomen. 

The  intrathecal  administration  of  stovaine  is  unsafe, 
and  should  not  be  employed. 

III.  Patients  with  Sepsis. 
The  patient  whose  condition  is  reudei'ed  grave  by  sepsis 
will  stand  au  amputation  far  better  than  the  man  who  is 
suffering  from  sliock.  In  the  septic  case,  gas  and  oxygen 
again  gives  excellent  results,  but  spinal  anaesthesia,  warm 
etlier  vapour,  and  intravenous  ether  are  also  comparatively 
safe.  Chloroform,  liowever,  is  to  be  avoided,  as  it  is  often 
followed  by  a  slow  fall  of  blood  pressure  which  ends  in 
death  during  the  twelve  hours  succeeding  operation. 


THE    COLOUR    CHANGES    SEEN   IN    SKIN  AND 
MUSCLE    IN    GAS    GANGRENE. 

[With  Coloured  Pl.\tes.] 

BY 

Colonel    CUTHBERT   WALLACE,  C.i\LG.,  A.M.S., 

Consulting  Surgkon,  British  Armies  in  France. 


A  SHORT  time  ago'  I  ventured  to  support  Kenneth- 
Taylor's  statement  that  gas  gangrene  was  primarily  and 
mainly  a  disease  of  muscle.  Further  work  and  observa- 
tion have  only  strengthened  this  belief.  It  is  the  object 
of  this  paper  to  describe  the  naked-eye  alterations  in  the 
appearances  of  the  skin  and  muscle  in  the  sequence  in 
which  they  occur. 

Through  the  kindness  of  the  Medical  Research  Com- 
mittee I  am  able  to  illustrate  some  of  the  changes  by  the 
reproduction  of  coloured  drawings  made  by  Sergeant  A.  K. 
Maxwell,  R..\.M.C.  I  should  like  to  take  the  opportunity 
of  congratulating  him  on  the  skill  he  has  displayed  in 
catching  the  delicate  tints  in  the  colour  changes. 

Colour  Changes  in  the  Shin. 

The  changes  in  the  skin  of  an  affected  limb  may  share 
in  the  general  icteric  tint  that  affects  the  whole  body  in 
some  cases.  This  has  been  well  portraj'ed  elsewhere,-  and 
need  not  detain  us  here.  Coming  to  the  more  local  lesions, 
it  is  first  necessary  to  state  that  the  skin  of  an  affected 
limb  may  appear,  and  usually  is,  perfeetly  normal  in  the 
earl}'  stages;  even  under  a  normal  skin,  however,  the 
disease  in  the  muscles  may  be  so  far  advanced  as  to 
necessitate  amputation.  The  first  essential  change  in  the 
colour  of  the  skin  is  due  simply  to  the  swelling  of  the 
limb.  At  this  stage  the  skin  looks  somewhat  tense,  just 
as  it  does  over  any  deep-seated  swelling,  and  is  paler 
than  normal,  owing  to  the  blood  being  driven  out  of  it 
by  pressure.  Resonance  to  percussion,  and  even  crepita- 
tions, may  be  perceptible  at  this  stage.  Simple  pallor  of 
the  skin  is  succeeded  by  a  dirty  cream  tint,  which  may  be 
taken  to  indicate  that  gangrene  is  certainly  established. 
Up  to  this  stage  examination  through  an  incision 
may  reveal  only  partial  or  complete  involvement  of  a 
single  muscle,  or  of  a  limited  group  of  muscles,  so 
tliat  the  condition  may  be  suitable  for  treatment  by 
local  excision. 

The  subsequent  changes  in  the  skin  are  quicker  and 
more  dramatic.  .-Xreas  of  purple  staining  appear,  which 
enlarge  and  coalesce.  The  margins  of  these  are  fairly 
distinct  but  irregular,  and  the  intervening  skin  is  greyish- 
white  in  colour.     Soon  there  appea,r  blebs  filled  with  fluid 
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which  is  staiued  by  iiltei'oil  blood  ;  removal  of  thi;  (inticlo 
fi'oiu  tlioso  exposos  a  .iliiiiy  piu'plo-i'od  ai'ea  of  Uoniiis. 
Whoii  this  condition  of  the  sUiu  is  reached  it  may  safoly 
be  iiiforied  that  the  f^anjiienoiiH  process  is  so  far  advanced 
as  to  ncHX'ssitate  amputation. 

In  the  last  stage  to  whicli  reference  need  be  made,  the 
|)urple  is  succeeded  by  a  daik  yellow-green  tint.  It  will 
be  seen  that  those  later  changes  are  identical  with  what 
may  occur  iu  any  limb  after  death,  aud  are  essentially 
post-inortcin  phenomena  due  to  bacterial  action.  The  late 
colour  changes  may  bo  inHuencod  according  to  the  relative 
parts  played  by  bacterial  action  on  the  one  hand  and  by 
arrest  of  blood  supply  on  the  other.  Thus,  near  an  infected 
wound  the  yellow-green  tint  may  develop  early,  whereas 
in  a  segment  of  limb  infected  only  after  its  blood  supply 
has  been  cut  off,  the  stage  of  purple  discoloration  may  still 
predominate  at  operation. 

Figure  I  is  a  drawing  made  from  a  forearm  which  was 
amputated  on  account  of  gas  gangrene.  The  projectile 
passed  across  the  flexor  aspect  of  the  forearm,  causing 
great  laceration  of  the  muscles.  The  whole  of  the  muscles 
on  the  flexor  aspect  were  gangrenous,  the  change  being 
most  advanced  in  the  deep  flexors  and  the  supinator  brevis, 
which  were  diffluent.  There  was  in  this  case  ample 
opportunity  for  direct  infection  of  the  different  muscles. 
Tlie  main  arteries  were  intact,  so  that  the  gangrenous 
process  was  entirely  due  to  infection ;  in  other  words,  it 
was  not  a  case  of  infection 

after  arterial  death,  but  of  '   ~  "" ^- — 

infection  producing  total 
destruction  of  the  muscles 
and  consequently  of  the 
skin  aud  subcutaneous 
tissues.  T he  drawing 
speaks  for  itself  aud  re- 
quires but  little  explana- 
tion. It  shows  the  purple 
mottling  of  the  skin,  and 
the  contrast  between  the 
infected  flexor  muscles 
seen  through  the  wound 
and  the  normal-coloured 
muscle  by  the  side  of  the 
cut  humerus. 

There  is  another  change 
in  the  skiu  —  namely, 
"  bronzing,"  to  which 
allusion  must  be  made 
because  it  has  attracted 
considerable  notice.  It  is 
regretted  that  no  example 

of  this  could  be  obtained 

while      the      artist      was 

present,  but  a  coloured  drawing  of  the  condition  has  been 
published  elsewhere.^  The  plate  was  merely  described  as 
"  multiple  shell  wounds,"  but  the  bronzed  area  can  be  well 
seen  over  the  hollow  part  of  the  man's  back.  This  colour 
change  is  not  common,  in  my  experience,  on  the  limbs,  but 
is  seen  more  often  on  the  body,  especially  in  connexion 
with  wounds  of  the  extraperitoneal  part  of  the  colon. 
Sometimes  it  is  accompanied  by  crepitations  of  the  sub- 
cutaneous tissue,  but  is  often  found  without  this  manifesta- 
tion. The  tissue  beneath  is  sometimes  normal,  or  only 
slightly  oedematous,  sometimes  distinctly  oedematous, 
sometimes  yellow-green  in  colour.  At  one  time  this  dis- 
coloration is  the  herald  of  a  violent  infection  which  cannot 
be  controlled  by  incisions,  at  another  time  it  will  disappear 
without  treatment.  The  causal  agent  is,  so  far  as  I  am 
aware,  unknown. 

Colour  Chanties  in  the  Muscles. 
Figure  II  represents  a  dissection  of  the  thigh  of  a  man 
who  died  from  multiple  injuries  and  gas  gangrene  of  the 
thigh.  A  wound  is  present  over  the  vastus  exteruus,  part 
of  which  has  been  carried  away.  The  resulting  dirty 
cavity  can  be  seen,  as  can  also  the  infected  subcutaneous 
tissue,  which  is  of  a  dirty  yellowish-green  hue.  The 
vastus  cxternus,  although  wounded,  did  not  become  gas- 
gangrenous;  this  may  be  attributed,  perhaps,  to  the  open 
nature  of  the  wound.  The  missile  passed  behind  the 
rectus  tendon,  aud  was  found  lodged  against  the  fibres  of 
the  vastus  internus.  The  point  of  interest  lies  in  the  con- 
dition of  the  latter  muscle,  which  was  gas-gangrenous 
throughout.     The  change  iu  the  colour  of  the  muscle  is  a 


DESCRIPTION     OF    COLOURED     PLATE.     - 

Figures  VIII.  IX.  and  X  represent  the  conditions  found  at  different 
levels  in  a  single  block  of  tissue  from  tile  advancing  margin  of  gas 
gangrene.  Between  Figure  VIII  and  Figure  IX  there  is  an  interval  of 
2.5  uiui.  of  length,  and  the  same  distance  between  Figures  IX  and  X. 

Fig.  VIII. — Normal  muscle  in  transverse  section,  just  Ijeyond  the 
edge  of  the  sin'eading  gangrene.    (Haemaluiu  and  eosin.) 

Fig.  IX. — Muscle  from  as  nearly  as  possible  the  visible  advancing 
edge.  Note  the  luarked  contrast  between  the  dead  coagulated  fibres, 
which  are  separated  off  from  their  sheaths,  and  the  paler  normal 
libres.    (Baemalnm  and  eosin.) 

Fig- X. — All  the  fitjres  are  here  degenerated,  but  their  sarcolemm-il 
nuclei  still  appear  intact.  Separation  of  the  fibres  from  their  sheaths 
is  everywhere  complete.    (Haemalum  and  eosin.) 

Fig.  XI. — This  shows  tlie  distribution  of  organisms  at  a  compara- 
tively early  stage.  There  are  large  numbers  of  bacilli  in  the  reticulum, 
but  they  have  not  s'et  invaded  the  fibres.  Tliis  stage  is  slightly  more 
advanced  than  that  depicted  in  Fig.  X,  and  the  nuclei  of  the  sarco- 
leinma  have  disappeared.    (Leishman's  stain.) 

Fig.  XII. — Phagocytosis  of  anaerobic  bacilli  in  a  zone  where  the 
ptocess  of  gas  gangrene  has  been  arrested.  The  leucocytic  reaction  is 
in  remarkable  contrast  with  the  previous  figures.    (Leishman's  stain.) 

Fig.  XIII  — .4  late  stage  of  gas  gangrene,  showing  complete  disintegra- 
tion of  muscular  til^res  and  reticulum,  in  this  material  organisms 
were  present  in  large  numbers,  and  freqneutly  in  the  substance  of  the 
libres.    (Haemalum  and  eosin.) 


subtle  oik;,  but  can  be  easily  seen.  Although  not  so 
apparent  in  the  reproduction,  the  same  change  was  present 
in  the  outer  edge  of  the  lower  part  of  the  sartoriiis,  just 
whino  it  lay  in  apposition  to  the  vastus  cxternus.  The 
colour  of  the  vastus  exteruus  is  altered  from  the  normal 
red-purple  to  a  brick-red.  The  whole  muscle  was  dead 
aud  non-contractile,  aud  some  bubbles  of  gas  were  visible 
between  the  fasciculi.  It  is  to  this  stage  that  I  have  given 
the  name  "  red  death."  The  other  muscles  of  the  thigh 
were  not  affected.  Death  occurred  in  this  case  tifty-si;: 
hours  after  the  wound  was  received,  and  the  condition  of 
the  thigh  was  found  at  the  post-morlcm  examination. 

The  iutermuscular  connective  tissue  showed  but  little 
alteration  in  this  specimen.  This  is  often  the  case,  but  at 
other  times  there  are  distinct  alterations.  Gas  may  be 
found  abundantly  along  the  great  vessels,  and  also  com- 
monly in  the  subcutaneous  tissues.  It  is  important  to  note 
that  cultures  from  such  gaseous  tissues  may  prove  sterije. 
At  other  times  the  connective  tissue  is  oedematous  with- 
out being  discoloured,  and  occasionally  the  appearance  is 
distinctly  gelatinous.  Later,  the  oedematous  tissue  takes 
on  a  yellow  or  yellowish-green  colour,  but  still  remains 
transparent. 

Figure  ill  exhibits  the  changes  in  the  subcutaneous 
tissues  iu  a  striking  degree. 

In  this  case  there  was  a  compound  fracture  of  the 
humerus  just  above  tlie  elbow-joint,  and,  in  addition,  a 

penetrating  wound  of  the 
I  chest.  The  patient's  con- 
dition was  so  precarious 
that  amputation  was  con- 
sidered the  best  course, 
especially  as  there  was  no 
radial  pulse. 

The  case  is  a  beautiful 
example  of  the  involve- 
ment of  a  single  wounded 
muscle,  and  would  have 
been  an  ideal  one  for  a 
local  excision  had  not  the 
arm  been  shattered  and 
the  man's  condition  dan- 
gerous. The  supinator 
longus  is  seen  in  the 
diffluent  stage  of  gas  gan- 
grene. The  muscle  was 
yellowish-green  iu  colour, 
and  quite  devoid  of  form 
or  tone.  It  was  so  soft 
that  it  could  be  moulded 
or  dented  with  the  finger. 
The  greenish-yellow  color- 
ation and  oedematous  state 
of  mthe  subcutaneous  tissue  are  well  seen,  although  before 
the  skiu  was  reflected  the  external  appearances  were  not 
marked.  The  other  muscles  of  the  forearm,  as  can  be 
seen  in  the  drawing,  were  normal  and  still  i-eadily  con- 
tractile when  examined. 

In  the  small  segments  of  muscle  shown  in  Figures  IV, 
V,  VI,  aud  VII  it  is  possible  to  trace  the  colour  changes  in 
greater  detail.  All  the  pieces  shown  were  taken  from  the 
gluteus  maximus  muscle,  except  one  (Fig.  VII),  which  is  a 
portion  of  a  tibialis  anticus  muscle. 

Figure  IV  is  drawn  to  repi-esent  the  normal  colour  of 
gluteus  maximus  muscle,  the  actual  specimen  being  taken 
soon  after  death  from  a  patient  who  died  of  acute  peri- 
tonitis. The  normal  colour,  sharpness  of  outline,  and 
general  appearance  of  the  fasciculi,  show  that  the  muscle 
was  healthy. 

Figure  V  shows  a  piece  of  muscle  which  was  dead, 
non-contractile,  crepitant  to  the  touch,  aud  brick-red 
in  colour.  The  bubbles  of  gas,  or  rather  the  spaces  once 
occupied  by  them,  ai-e  distinctly  seen.  In  this  stage 
the  muscle  is  very  friable,  and  the  gas  can,  by  gentle 
stroking,  be  pushed  about  from  place  to  place  between 
the  fibres. 

IJetweeu  the  normal  contractile  muscle,  as  represented 
in  Figure  IV,  aud  the  condition  of  "red  death"  seen  in 
Figure  V,  there  occurs  a  zone  of  demarcation  which  it  has 
not  been  possible  to  portray.  Here,  at  the  limit  of  the 
advancing  gangrene,  the  muscle  is  simply  lighter  in 
colour  than  noimal,  but  not  definitely  reil.  It  is  firmer 
iu  consistence  than  the  normal,  and  no  crejiitation  can  be 
made  out.     This  advancing  edge  is  more  fully  discussed 
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iu    the    paper   by   Captaiu   J.     W.    McNee    and    Captain 
J.  Sliaw  Duuu. 

Fiuui-e  VI  shows  a  piece  of  muscle  from  tlie  tibialis 
anticiis  at  a  farther  stage  in  the  gangrenous  process. 
The  colour  is  now  passing  gradually  from  brick-red  to 
an  olive-green.  The  tissue  has  become  more  friable, 
and  the  consistence  may  almost  be  described  as 
"  putty-like." 

Figure  VII  exhibits  an  end-stage,  which  is  not  often 
seen  at  operation.  The  colour  of  the  muscle  is  a  greenish- 
black,  and  the  surface  is  glistening.  Snch  a  piece  of 
muscle  is  so  soft  that  it  tends  to  flatten  out  and  spread 
over  the  surface  on  which  it  is  placed. 

In  Figure  III  the  condition  of  the  supinator  longus  is 
intermediate  between  the  stages  depicted  iii  Figure  VI 
and  Figure  VII  respectively. 

I  must  thank  Captain  .).  \V.  McNee  and  Captain  J.  Shaw 
Dunn  for  the  care  and  trouble  they  have  taken  to  prepare 
the  specimens  from  which  the  drawings  were  made. 

Lieutenant- Colonel  Fraukau  and  Captains  Neligan  and 
Drummond  iu  their  paper  demonstrate  the  clinical  use 
that  can  be  made  of  the  pathological  fact — namely,  the 
involvement  of  single  muscles  in  early  cases  of  gas 
gangrene. 

Refkrences. 
1  BniTisH     Medical     .lonnNAL,    September    16th,    1916.     -  British 
Joxirnal  of  Surgery,  vol.  iii.  No.  9.     3  Ibid.,  vol.  iv,  No.  13,  i).  57. 
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This  contribution  to  the  pathology  of  gas  gangrene  deals 
primarily  with  the  method  of  spread  of  the  acute  disease 
into  living  muscle. 

In  our  e.\perience  gas  gangrene  is  essentially  a  muscle 
disease,  and  we  have  never  seen  it  commence  where  injury 
of  muscle  could  be  excluded.  The  somewhat  rare  cases  of 
"  metastatic  "  gas  gangrene,  such  as  those  described  by 
Mullally  and  McNee,'  Kenneth  Taylor,-  etc.,  come  into  the 
same  category,  the  primary  focus  in  every  instance  being 
in  damaged  muscular  tissue.  No  example  of  gas  gangrene 
beginning  iu,  and  remaining  localized  to,  the  subcutaneous 
tissue  has  been  met  with,  and  a  condition  spreading 
below  the  skin  whicli  is  met  with  in  base  hospitals  would 
appear  to  merit  some  special  investigation  before  a  relation- 
ship to  the  general  tyjje  of  gas  gangrene  can  be  established. 

Clinically,  the  rapidity  of  spread  of  gas  gangrene  into 
living  muscle,  once  the  disease  has  begun,  is  so  remark- 
able as  to  demand  some  definite  explanation  such  as  has 
been  sought  for  by  histological  methods  and  is  suggested 
here. 

The  varieties  of  the  acute  disease  investigated  in  this 
way  are  sufficiently  indicated  in  the  articles  published  by 
Cuthbert  Wallace,  and  byFrankau,  Drummond,  and  Neligau. 
Part  of  our  histological  material,  indeed,  was  obtained  from 
the  actual  cases  described  by  these  writers. 

The  disease  may  commence  in  a  wounded  limb  within 
an  extraordinarily  short  time  after  the  injury.  The  earliest 
case  of  gas  gangrene  examined  histologically  showed  the 
condition  already  established  three  and  a  half  hours  after 
the  wound  was  received,  and  we  have  seen  massive  gas 
gangrene  of  a  limb  lead  to  a  fatal  issue  twelve  hours  after 
a  wound  of  the  thigh. 

A  point  worth  notice  is  that  death  may  occur  quickly, 
following  a  comparatively  slight  wound,  when  examination 
JJO.S/  mortenb  shows  gas  gangrene  involving  ouly  a  small 
bulk  of  actual  muscle  tissue.  The  material  elaborated  by 
the  bacilli,  therefoi-e,  whether  it  be  a  true  toxin  or  not, 
is  at  any  rate  a  powerful  systemic  poison.  Sir  Anthony 
Bowlby  has  pointed  out  to  us  that  cases  of  this  kind  may 
very  readily  be  mistaken  for  death  from  shock  alone. 

Wounds  involving  main  blood  vessels — for  example,  the 
popliteal   artery — are   notorious    for   the   frequency   with 


which  gas  gangrene  develops  in  the  distal  segment  of  the 
limb,  and  it  is  necessary  to  point  out  here  that  there  are 
differences  between  the  spread  of  gas  gangrene  following 
such  an  injury  and  the  invasion  of  living  muscle.  Where 
the  main  artery  is  cut,  massive  or  "  group "  gangi-ene 
generally  occurs,  whole  groups  of  muscles  being  involved 
from  end  to  end  simultaneously  by  the  growth  of 
organisms  throughout  the  muscles  from  which  the  blood 
supply  has  been  cut  off. 

The  spread  of  gas  gangrene  into  living  and  healthy 
muscle,  with  an  intact  blood  supply,  is  a  different  and  less 
easy  problem,  with  the  solution  of  which  this  paper  is 
mainly  concerned.  With  regard  to  this,  two  facts  must 
here  be  briefly  brought  to  mind.  One  of  these  is  the 
chnical  observation,  now  well  establislied  and  borne  out 
by  the  microscope,  that  gas  gangrene  tends  to  spread  iu 
the  longitudinal  axis  of  muscles,  so  that  single  muscles  are 
involved  from  end  to  end  wdiile  neighbouring  ones  are 
untouched.  It  must  also  be  remembered  that  individual 
muscle  fibres  stretch  without  interruption  from  one 
tendinous  attachment  to  the  other. 

It  is  es.sential,  in  investigating  the  spread  into  muscle,  to 
work  on  material  which  is  absolutely  fresh.  Most  of  the 
e.xaminations  have  been  made  on  limbs  amputated  for  gas 
gangrene,  and  brought  at  once  to  the  laboratory  while  the 
healthy  muscles  were  still  contractile.  Other  tissues 
examined  were  either  from  single  muscles  removed  by 
operation  or  from  jjost- mortem  examinations  carried  out 
within  an  hour  or  two  at  most  after  death.  Unless  fresh 
material  is  used,  quite  fallacious  conclusions  may  be 
drawn,  since,  especially  in  summer  time,  the  organisms 
proliferate  and  produce  gas  with  extreme  rapidity  in  the 
warm  body  after  death. 

In  amputated  limbs,  and  in  the  .stumps  left  at  opera- 
tions, we  have  had  ample  opportunity  of  proving  that  the 
anaerobic  organisms  are  present  in  the  healthy  muscle  at 
a  considerable  distance  from  the  actual  seat  of  the  gan- 
grene. Thus  the  presence  of  the  organisms  in  the  muscles, 
oven  though  abundant,  does  not  constitute  gas  gangrene, 
and,  indeed,  such  infected  muscles  may  never  become 
gangrenous.  This  is  well  seen  in  amputation  stumps, 
known  to  be  infected,  but  in  which  no  recrudescence  of 
the  gangrene  occurs  after  the  operation,  in  a  majority  of 
cases. 

Bacteriology. 

The  bacteriology  of  the  acute  disease  will  be  referred  to 
only  briefly,  as  so  much  has  already  been  published  on  the 
varieties  of  anaerobic  bacilli  to  be  found.  It  is  enough  to 
say  that  all  our  work  has  been  done  on  acute  and  often 
fulminating  cases,  such  as  are  seen  iu  casualty  clear- 
ing stations  on  the  front.  In  these  cases  mixed  an- 
aerobic infectious  are  the  rule,  but  sufficient  work  has 
been  done  in  isolating  the  different  organisms  to  incriminate 
the  Bacillus  aerogenes  capsiilatiis  (B.  perfringens)  as  the 
commonest  and  most  abundant  organism  present.  It  appears 
often  to  be  the  only  organism  which  is  isolated  from  the 
spreading  margin  of  the  gangrene  at  a  distance  from  the 
wound.  The  biology  of  this  organism,  with  its  powerful 
fermentative  action  on  sugars  and  resulting  evolution  of 
gas,  tits  in  very  well  with  the  extraordinary  rapidity  of 
spread  of  acute  gas  gangrene. 

.\  number  of  e.xperiments  to  reproduce  a  spreading  gas 
gangrene  have  been  carried  out  in  animals  to  amplify  and 
confirm  the  findings  in  human  tissues.  These  will  be 
referred  to  again  later  on. 


Histological  Changes. 

The  material  e.xamined  histologically  was  almost  always 
embedded  in  paraffin,  after  fixation  in  10  per  cent,  for- 
malin, or  in  corrosive  sublimate ;  frozen  sections  and 
tissue  fixed  by  boiling  were  also  used  for  the  investiga- 
tion of  certain  important  points.  Muscle  taken  for  exami- 
nation must  be  handled  with  great  care  or  fallacies  from 
artificial  separation  of  the  fibres  may  arise.  The  histology 
of  single  muscles,  removed  at  operation  and  necessarily 
pulled  on  iu  the  act,  required,  therefore,  careful  considera- 
tion before  conclusions  could  be  drawn  from  the  sections. 
The  best  material  was  obtained  from  amputated  limbs,  in 
wdiich  the  individual  muscles  could  be  carefully  dissected, 
and  pieces  cut  out  with  a  sharp  knife  or  razor,  all  pulling 
being  avoided. 

In  a  few  cases  only  we  have  had  the  good  fortune  to 
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obtain  a  muscle  with  fairly  long  libi'cs,  in  which  the  ad 
vaucini;  edge  of  a  spi-oadiug  gas  gaugrone  could  be  cKjai'ly 
recognized.  It  is  from  these  fortunate  instances,  however, 
by  the  examination  of  serial  sections,  that  most  of  the  in- 
formation has  been  obtained  of  the  nu^liod  of  spread. 
Macroscopically  the  appearance  of  this  spreading  uuirgiu 
is  interesting.  It  is  sometimes  fairly  shar;),  hut  in  other 
instances  is  irregular,  from  the  process  having  spread 
further  along  some  fibres  than  others.  The  muscle  fibres 
at  the  margin  are  paler  and  duller  than  the  normal,  but 
the  colour  change  is  little  more  than  might  be  accounted 
for  by  total  absence  of  blood  in  the  part  involved.  The 
outer  limit  of  the  process,  while  indefinite,  can  be  mapped 
out  fairly  closely  if  the  healthy  muscle  beyond  is  still 
contractile  (in  tissues  examined  very  soon  after  amputa- 
tion), as  contractility  is  lost  in  the  part  becoming  gan- 
grenous. At  the  advancing  edge  also  the  muscle  tissue  is 
ver)'  mucli  firmer  to  touch  than  the  healthy  fibres  beyond, 
and  this  firmness  passes  back  into  the  obviously  gangrenous 
muscle  behind. 

When  the  whole  of  the  advancing  edge  is  cut  out,  along 
with  a  margin  of  tissue  on  either  side  of  it,  and  examined 
in  serial  transverse  sections,  the  appearances  presented 
are  very  striking,  and  are  shown  in  the  first  three 
microscopic  drawings  (Figs.  VIII,  IX,  and  X), 

Figure  VIII  represents  the  nuiscle  in  transverse  section 
just  beyond  the  furthest  limit  of  the  advancing  gangrene  ; 
the  muscle  here  was  still  healthy  and  conti'actile.  The 
muscle  fibres  appear  normal,  and  are  seen  to  be  made  up 
of  fibrils  which  show  as  dots  in  the  transverse  section. 
The  cracks  in  the  fibres  are  artefacts  produced  in  the 
cutting  of  the  parafiin  sections.  They  occur  so  constantly 
in  transverse  sections  of  normal  fibres  that  they  can 
almost  be  taken  as  characteristic  of  healthy  muscle.  The 
flattened  nuclei  of  the  sarcolemma  are  well  seen,  and  also 
the  interstitial  tissue  between  the  fibres,  which  carries  the 
blood  vessels,  lymphatics,  etc. 

Figure  IX  is  from  a  section  taken  from  as  nearly  as 
possible  the  advancing  edge,  as  seen  by  the  naked  eye. 
The  muscle  here  had  lost  its  contractility.  Various 
normal  fibres  are  seen,  with  characters  as  above,  while 
others  exhibit  a  very  striking  change.  Tlie  staining 
reaction  is  different,  being  an  almost  uniform  eosiu  tint, 
while  the  dots  indicating  the  individual  fibrils  are  lost. 
These  fibres  are  not  shrunken,  but  on  measurement  are 
often  found  to  be  somewhat  swollen.  In  spite  of  this, 
however,  these  fibres  are  well  separated  off  from  the  inter- 
stitial connective  tissue,  to  leave  what  appears  in  the 
section  as  a  clear  space.  Occasionally  the  separation 
of  reticulum  from  fibre  is  partial,  and  confined  to  a  sector 
only;  but  even  in  such  instances  the  fibre  still  shows  the 
uniform  eosin  tint  indicative  of  degeneration.  The  sarco- 
lemmal  nuclei  of  the  separated  fibres  still  stain  brightlv. 
The  contents  of  the  spaces  between  the  altered  fibres  and 
the  interstitial  meshwork  will  be  discussed  later,  and  it 
may  simply  be  noted  here  that  such  fibres  are  obviously 
cut  off  from  their  blood  supply  in  the  interstitial  tissue. 

Figure  X  is  from  a  section  taken  from  the  tissue 
2i  mm.  behind  the  one  just  mentioned,  and  in  it  all  the 
fibres  have  undergone  the  degenerative  change  described 
above.  The  fibres  are  all  separated  off  completely  from 
the  interstitial  tissue,  which  forms  a  regular  network 
between  them.  The  regularity  of  the  network  is  in  no 
■way  exaggerated  in  the  drawing,  and  no  difference  would 
be  observed  in  a  colour  photograph  of  many  of  our  sections. 
The  nuclei  of  the  sarcolemma  are  at  this  stage  stained  as 
in  the  normal  fibres. 

In  longitudinal  sections  of  tissue  taken  to  include  the 
advancing  edge,  the  process  is  less  striking  to  the  eye,  as 
it  is  impossible  to  get  complete  lengths  of  fibres  in  any  one 
longitudinal  section.  The  appearances  are  (juite  easy  to 
follow,  however,  having  in  mind  the  information  obtained 
from  the  transverse  sections.  A  fibre  which  stains 
normally  can  often  be  traced  to  a  point  where,  quite 
suddenly  and  with  a  very  definite  edge,  the  colour  change 
to  the  strong  uniform  eosin  tint  is  met  with,  and  the 
normal  striation  disappears.  Practically  coinciding  with 
the  colour  change,  which  no  doubt  represents  the  margin 
of  death  of  tlie  fibre,  the  interstitial  tissue  is  seen  to 
separate  off  and  leave  the  clear  sijace  which  is  so  obvious 
and  striking  in  the  transverse  sections. 

The  significance  of  these  observations  may  now  be  briefly 
dealt  with. 

In  transverse  sections  stained  for  organisms  these  are 


found  far  beyond  the  edge  of  the  gangrene  in  tlic  inter- 
stitial tissue  between  the  healtliy  fibres.  What,  then, 
(ietermincs  tli(!  advancing  death  of  tlie  individual  fibres'? 
The  whole  question  seems  to  us  to  be  bound  up  in  the 
contents  of  the  spaces  left  between  the  degcuierated  fibres 
and  the  meshwork  of  interstitial  tissue.  The  altered  fibres 
are  not  shrunken,  and  the  muscle  at  the  spreading  margin 
is  tumid  and  increased  in  built.  This  swelling  is  evidently 
due  to  the  extra  room  taken  up  by  the  spaces  described, 
it  was  a  tenq)tiiig  view  to  take,  that  these  spaces  miglit 
bo  filled  by  gas  alone,  which,  by  the  mechanical  effect  of 
pressure  and  by  cutting  off'  the  fibres  from  their  blood 
supply  in  the  iiiterstitial  tissue,  might  lead  to  their 
speedy  death.  Attempts  were  made  to  prove  this  view 
correct  by  cutting  thick  frozen  sections  of  fresh  unfixed 
tissues,  and  looking  for  evidence  of  gas  under  the  micro- 
scope, but  none  could  be  detected.  On  the  other  hand,  in 
tissues  fixed  in  corrosive  sublimate,  and  more  especially 
in  material  fixed  by  boiling  before  being  embedded  in 
paraffin,  evidences  of  amorphous  deposit  in  the  spaces 
were  found,  which  seemed  to  point  to  the  contents  being  a 
fluid.  In  tissues  fixed  in  formalin,  from  which  the  drawings 
were  made,  the  spaces  almost  invariably  appeared  (juite 
empty,  and  free  from  anything  which  stained.  We  there- 
fore are  of  opinion  that  a  toxic  fluid,  perhaps  similar  in 
constitution  to  the  oedema  which  always  accompanies  gas 
gangrene  to  a  greater  or  less  extent,  spreads  along  between 
ths  interstitial  tissue  and  the  fibres,  killing  off  the  latter 
as  it  advances.  Once  the  fibres  are  killed,  the  anat-robic 
bacilli  live  on  them  practically  as  saprophytes,  breaking 
down  the  sugars  and  producing  abundant  gas.  This 
process  is  in  strong  contrast  to  what  occurs  in  healthy 
muscle,  where  the  presence  of  the  organisms  is  without 
effect  on  the  living  fibres. 

The  rapid  spread  of  the  disease  into  living  muscle  can, 
we  think,  be  explained  on  these  lines.  Fibres,  each  of 
which  stretch  without  interruption  for  a  considerable 
distance,  are  killed  in  the  manner  which  has  been 
described,  and  the  dead  tissue  is  then  rapidly  broken 
down  and  gas  formed.  The  circle  is  a  vicious  one,  for  the 
toxic  fluid  which  spreads  between  the  fibres  is  no  doubt 
formed  in  the  gangrenous  tissue  behind,  and  so  the  con- 
dition spreads  until  the  ends  of  the  fibres  are  reached. 
This  view  also  gives  a  satisfactory  explanation  of  how 
single  muscles  may  be  found  gangrenous,  no  spread  having 
occurred  to  others"  close  at  hand.  No  opinion  can  yet  be 
given  as  to  the  nature  of  the  toxic  fluid,  which  may  either 
be  a  true  bacterial  toxin  or  something  dependent  on  the 
breaking  down  of  tissues.  ■ 

Other  points  brought  out  by  histological  examination 
mav  now  be  referretl  to.  With  regard  to  the  route  followed 
by  the  organisms,  these  are.  at  the  spreading  edge,  never 
found  in  the  muscle  fibres  themselves,  but  are  practically 
confined  to  the  reticulum  (Fig.  XI).  When  the  fibres  are 
dead  and  being  broken  down,  the  bacilli  invade  the  dis- 
integrating fibres  in  numbers.  At  a  later  stage  (Fig.  XIII) 
all  definite  muscular  structure  becomes  lost  and  gas  is 
present  abundantly  between  the  remnants  of  the  fibres. 
It  is  interesting  to  note  that  in  muscle  at  this  advanced 
stage  of  the  disease  the  number  of  organisms  a,ppears 
much  less  than  in  the  spreading  zone.  This  is  evidently 
partly  due  to  many  organisms  staining  badly,  so  that 
ghost  forms  are  numerous.  It  seems  probable  that  this 
stage,  once  reached,  is  inimical  to  the  lite  of  the  bacilli,  so 
that  many  are  destroyed  and  disappear. 

In  rapidly  spreading  gas  gangrene  leucocytes  are  gene- 
rally conspicuous  by  their  absence  in  the  muscular  tissue 
involved  (although  they  may  be  present  in  some  number 
in  the  interfascicular  planes).  The  mere  speed  of  pro- 
gression of  the  )irocess  in  muscle  may  probabl}'  account 
for  this,  as  a  leucocytic  reaction  takes  some  time  to 
develop.  Where  the  spread  of  gas  gangrene  is  being 
arrested  in  muscle,  great  leucocytic  invasion  is  present. 
This  is  well  shown  in  Fig.  XII,  taken  from  a  muscle  in  an 
amputation  stump.  Here  a  recrudescence  occurred  in  the 
stump,  but  was  arrested  after  spreading  a  few  inches  only. 
Macroscopically  a  very  definite  pale  zone  was  visible,  and 
in  section  abundant  phagocytosis  of  bacilli  by  polymorpho- 
nuclear leucocytes  was  found. 

Control  Experiments  on  Animals. 
A  considerable  number  of  experiments  have  been  carried 
out  in  animals  to  control  the  conclusions  arrived  at  by  the 
study  of  huuuiu  tissues.     Large  rabbits  were  used,  becau.so 
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of  their  long  hind  legs,  in  which  tlie  spread  of  tlie  disease 
could  be  watched  at  different  stages.  Gas  gangrene  being 
a  disease  of  uuiscle.  all  the  inoculations  were  made  intra- 
muscularly into  the  gastrocnemius  or  soleus.  Several 
facts  of  considerable  interest  were  brought  out  : 

1.  A  spreading  gas  gangrene  of  the  limb,  quite  com- 
parable with  the  same  disease  in  man,  could  be  produced 
in  rabbits,  sometimes  leading  to  a  fatal  result. 

2.  The  surest  method  of  inducing  this  result  was  by  the 
injection  of  about  one  cubic  centimetre  of  the  fluid  ex- 
pressed from  a  human  muscle  sliowing  fairly  advanced 
gas  gangrene.  This  fluid  contained  abundant  bacilli,  and 
all  tlie  products  of  tissue  disintegration. 

3.  When  the  fluid  obtained  in  this  way  was  first  passed 
through  a  Berkofeld  V  filter  to  remove  the  organisms, 
intramuscular  injection  led  to  marked  local  necrosis  of 
muscle  fibres,  accompanied  by  considerable  leucocytic 
reaction.  No  spreading  oedema  or  separation  of  muscle 
fibres  at  all  comparable  with  that  described  in  human 
tissues  could  be  brought  about. 

4.  A  rapidly  spreading  fatal  gas  gangrene  was  produced 
in  one  instance  only  by  the  injection  of  a  pure  culture 
of  B.  perfrin(iens  isolated  in  culture  from  a  fulminating 
Jiuman  case.  In  this  experiment  a  haematoma  of  con- 
siderable size  had  been  caused  in  the  muscle  at  the  site  of 
inoculation,  and  this  may  have  provided  the  dead  tissue 
necessary  to  start  the  spi'eading  disease.  In  tissues  from 
this  animal  all  the  chauges  noted  in  the  spreading  margin 
of  the  disease  in  man  were  perfectly  and  completely  re- 
produced. In  some  sections  normal  fibres  were  seen  lying 
side  by  side  with  others  of  a  deep  eosin  tint  and  separated 
off  from  the  reticulum.  At  another  place  the  appearances 
corresponded  exactly  with  those  shown  in  Fig.  X,  the 
sharpness  and  regularity  of  the  interstitial  network  being 
very  striking. 

5.  Other  experiments  carried  out  with  pure  cultures  of 
B.  perfringens,  isolated  from  hirman  cases,  led  only  to  a 
local  gangrene  at  the  seat  of  inoculation,  round  which 
a  zone  of  granulation  tissue  quickly  formed,  completely 
walling  off  the  damaged  tissue. 

Conclusions. 

1.  The  rapidity  of  spread  of  gas  gangrene  into  living 
voluntary  muscle  is  so  remarkable  as  to  require  explana- 
tion by  a  different  process  from  that  which  governs 
ordinary  septic  invasion  of  tissues. 

2.  It  is  suggested  that  the  facts  ai-e  accounted  for  by 
the  peculiar  anatomical,  structui'e  of  muscular  tissue.  The 
sheaths  enclosing  the  long  individual  fibres  are  so  easily 
detachable  as  to  form  potential  spaces  into  which  toxic 
material  can  readily  pass,  causing  necrosis  of  the  fibres. 

3.  The  early  selective  invasion  of  single  muscles  is 
consistent  with  the  above  view. 

We  wish  to  thank  Colonel  Cutlibert  Wallace,  C.M.G., 
consulting  surgeon,  for  his  help  and  interest  in  this  work. 
The  drawings  from  microscopic  sections  were  made  by 
Sergeant  A.  K.  Maxwell,  R.A.M.C.,  working  under  the 
auspices  of  the  Medical  Kesearcli  Committee. 

Rf.fehences. 
1  Mullally  and  IMcNee,  British  Medical  Journal,  April  1st,  1916. 
^  Kenneth  Taylor,  Lancet,  December  23rd.  1916. 
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Among  the  points  brought  forward  by  Colonel  Cutlibert 
Wallace  in  an  article  on  gas  gangrene '  published  in  this 
Journal  some  months  ago  were  the  following : 

1.  It   is   rare   to   meet   gas    gangrene    without    muscle 
injury. 

2.  It    is    chiefly   a    disease   of    muscles,   and   is   rarely 
dangerous  unless  muscle  is  involved. 


3.  The  lesion  in  its  early  stages  may  be  described  as  a 
longitudinal  one,  running  up  and  down  the  wounded 
muscles  from  the  seat  of  the  lesion.  Muscles,  or  groups 
of  muscles,  are  involved,  while  others  escape. 

4.  It  is  rare  to  find  all  the  muscles  of  a  segment  of  a 
limb  involved,  save  in  a  segment  distal  to  one  in  which  the 
main  blood  supply  has  been  cut  off.  Thus  the  whole  leg 
ilies  and  becomes  gaseous  when  the  femoral  artery  has 
been  blocked  in  the  thigh. 

5.  There  is  little  tendency  for  the  infection  to  pass  from 
oue  muscle  to  another.  This  is  well  shown  in  amputation 
stumps,  where  one  muscle  dies  and  becomes  gaseous,  while 
the  I'est  of  the  cut  muscles  remain  healthy. 

From  our  own  observations  in  clearing  stations  over  a 
period  ranging  up  to  twenty-one  months  it  is  abundantly 
clear  that  these  points  cannot  be  controverted.  In  no  case 
have  we  seen  gas  gangrene  commencing  as  a  subcutaneous 
infection;  injured  muscle  is  in  all  cases  the  initial  focus, 
the  appearance  of  crackling  in  the  subcutaneous  tissues 
being  a  secondary  phenomenon,  due  to  extravasation  of  gas 
from  the  infected  muscles  below. 

Resection. 

In  view  of  this,  it  has  been  our  aim  to  model  our  treat- 
ment on  the  following  lines  as  soon  as  the  condition  is 
diagnosed  :  To  explore  the  primary  focus  with  a  view  to 
attempting  to  arrest  the  infection  in  the  muscle,  or  group 
of  muscles,  involved  by  resection  of  the  infected  areas. 
Such  resection  may,  as  will  be  seen  from  the  cases,  involve 
a  part  or  the  whole  of  single  muscles,  or  groups  of  muscles. 

Resection  should  be  limited  to  cases  in  which  the  main 
vessel  of  the  limb  is  intact,  and  should  be  replaced  by 
amputation  where  the  operation  must  be  so  extensive  as  to 
be  likely  to  give  a  limb  which  would  be  of  loss  value  than 
au  artificial  limb.  Extensive  resections,  however,  may  be 
performed  regardless  of  the  ultimate  utility  of  the  limb  as 
a  life-saving  operation,  it  having  been  quite  clear  in  some 
of  the  cases  recorded  below  that  au  amputation,  as  in 
Case  XIII,  or  a  further  amputation,  in  Cases  vii  and  ix,  could 
not  have  been  carried  out  without  very  grave  risk  to  life. 
Resectiou  should  extend  until  muscle  is  reached  which  has 
the  following  characteristics : 

1.  The  colour  is  unchanged. 

2.  The  contractility  is  normal. 

3.  A  good  blood  supply  is  present,  as  indicated  by 
free  bleeding  from  the  cut  surface. 

Experience  has  shown  that  even  if  such  muscles  are,  as 
they  may  be,  slightly  infected,  free  drainage  and  an  open 
wound  will  arrest  further  development  of  the  condition. 

After-  Treatment. 

The  treatment  of  cases  after  resection  is  carried  out  on 
the  following  lines:  (1)  The  dressings  are  reduced  to  the 
absolute  minimum — that  is,  one  or  two  layers  of  gauze  only 
are  placed  over  the  wound  so  as  to  allow  free  access  of  air 
and,  if  possible,  suusliine  to  the  wound  region  ;  (2)  con- 
stant or  intermittent  irrigation  of  the  wound  by  some 
modification  of  the  Carrel  method —  eusol,  saline,  or 
hydrogen  peroxide  being  used  as  the  irrigating  fluid. 

In  connexion  with  the  cases  described  below,  the  point 
must  be  specially  emphasized  that  gas  gangrene  had 
already  developed  in  some  patients,  though  they  wei-e 
admitted  a  very  short  time  after  being  wounded.  In  fact, 
in  units  at  the  front  established  gas  gangrene  has  to  be 
treated  ab  initio,  in  addition  to  gas  gangrene  developing  at 
a  later  stage. 

Wo  are  indebted  to  Colonel  Cutlibert  Wallace,  consulting 
surgeon  to  this  army,  for  advice  and  assistance  in  the 
treatment  of  tiiese  cases,  and  to  Captain  J.  W.  McNee 
and  Lieutenant  J.  S.  Dunn,  of  No.  3  Mobile  Laboratory, 
R  A.M.C.,  for  the  bacteriological  and  pathological  investi- 
gations they  have  made  in  the  cases. 

Case  i. 

Lieut.  F.,  wounded  4  p.m.  on  November  2nd,  1916,  by  rifle 
t;reuade  tiagment ;  admitted  at  7.15  p.m.  the  same  day,  that  is, 
three  and  a  ijuarter  hours  after  being  wounded. 

When  admitted  he  was  cftarly  very  ill,  although  he  arrived 
as  a  walking  case  ;  his  pulse  was  120,  of  poor  quality  and 
irregular,  his  tongue  was  furred,  and  his  features  pinched  and 
worii.  There  was  au  irregular  wound  the  size  of  a  threepenny- 
piece  (that  is,  about  1.6  cm.  in  diameter)  on  the  posterior  aspect 
of  the  right  arm  just  above  the  internal  condyle  of  the 
humerus  ;  there  was  no  exit.    The  whole  upper  arm  appeared 
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swollen  ;  it  was  cre[)ifc!int  to  the  touch,  atul  f^avo  a  tympanitic 
note  on  percussion.  'I'he  cracklint^  was  most  marlieil  on  the 
inner  aspect  of  the  arm.  and  extended  as  hi^;h  as  the  anterior 
axillary  fokl  above  in  H'ont,  Ijiit  to  not  quite  so  liigli  a  level 
heiiind. 

lie  was  given  a  general  anaesthetic  at  8  p.m.  The  wound  of 
entry  was  first  excised  ;  much  damage  to  the  triceps  was  found 
locally,  and  the  jirojectile  oould  he  felt  to  the  inner  side  of  the 
vessels  in  the  front  of  the  arm  at  the  junction  of  the  lower  and 
miildle  thirds;  a  second  incision  was  made  over  this,  when  tiie 
subcutaneous  tissues  were  found  to  be  oedematous,  and  the 
biceps  muscle  showed  evidence  of  gas  infection.  A  further 
incision  was  accordingly  made  along  the  whole  length  of  the 
biceps  muscle  from  its  origin  to  attachment;  this  showed  tlie 
following  conditions  :  some  bruising  of  the  inner  border  of  tlie 
muscle  at  the  situation  of  the  projectile;  discoloration  of  the 
inner  half  of  the  muscle, varying  from  a  dull  red  colour  at  either 
end  to  a  deep  plum  colour  in  tlie  centre.  Over  the  discoloured 
area  bubbles  of  gas  were  present  under  the  fascia  covering  the 
muscle.  This  half  of  the  muscle  did  not  react  to  tap  stimula- 
tion, whereas  the  outer  luilf  was  normal  in  colour,  and  con- 
tracted sharply  on  stimulation.  As  tliis  appeared  to  be  an 
infection  localized  to  the  inner  half  of  the  muscle,  the  latter 
portion  was  resected  in  its  entirety. 

A  tube  drain  was  inserted  into  the  posterior  wound  ;  the 
anterior  wounds  were  left  ojien,  small  tubes  being  inserted  for 
continuous  eusol  irrigation,  which  was  commenced  immediately 
after  the  operation  was  completeil.  The  pulse  dropped  to  88 
six  hours  afterwards  and  never  rose  above  this  again.  The 
wounds  remained  clean  without  pus  formation,  and  on  Novem- 
ber 9tli  were  closed  by  secondary  suture  and  the  eusol  irriga- 
tion discontinued.  The  wounds  remained  healthy  and  were 
practically  healed  when  he  was  evacuated  to  the  base  on 
November  17th.  He  had  already  very  fair  power  in  his 
arm  and  the  remaining  portion  of  the  biceps  could  be  felt 
contracting. 

PiitJioloiiical  Report. — An  anai^robio  gas-forming  organism  was 
grown  from  the  excised  muscle,  which,  on  histological  examina- 
tion, showed  hyaline  degeneration  of  groups  of  fibres  with 
separation.  This  condition  represents  a  very  early  stage  in  the 
process  of  gangrene.  Long  bacilli  could  be  recognized  between 
the  muscle  fibres,  but  they  were  very  scanty. 

The  extreme  rapidity  of  the  infection  in  this  ca.se  is 
remarkable,  occurring  as  it  did  within  three  and  a  quarter 
hours  of  the  time  of  injury.  It  was,  in  fact,  tlie  earliest 
case  we  have  ever  seen.  There  is  no  doubt  that  if  any 
delay  had  occurred  in  the  treatment  the  consequences 
would  have  been  disastrous  owing  to  the  virulence  of  the 
infection;  the  patient  would  have  lost  his  limb  if  not  his 
life.  The  treatment  by  resection  of  half  of  the  muscle 
rather  than  the  whole,  which  at  first  sight  would  seem  to 
have  been  the  better  course,  was  due  to  the  fact  that  the 
infection  is  known  to  spread  longitudinally  along  the 
length  of  the  fibres  and  that  transverse  spread  is  a  late 
phenomenon  occurring  in  the  more  advanced  stages.  The 
differentiation  between  living  and  dead  portions  of  the 
muscle  was  made  from  the  presence  or  absence  of  con- 
tractility, it  being  well  established  that  heavily  infected 
muscle  is  non-contractile.     (C.  H.  S.  F.) 


C.\SE  II. 

Lance-Corpl.  D.,  wounded  by  shell  fragment  on  July  2nd,  1916, 
was  admitted  twenty-four  hours  later,  when  the  follo-ving  con- 
dition was  found.  Temperature  102.6^*,  pulse  118  ;  there  was  a 
through-and-through  wound  in  the  middle  of  the  left  upper  arm  ; 
the  arm  was  greatly  swollen  in  the  neighbourliood,  and  tender 
on  palpation.    Subcutaneous  crepitation  was  jiresent. 

At  the  operation,  which  was  performed  at  once,  the  biceps 
muscle  at  the  site  of  the  wound  was  found  to  be  in  a  state  of 
"black  death,"  and  was  full  of  gas;  for  two  inches  above  and 
below  this  the  muscle  was  non-contractile  and  in  the  "red 
death  "  stage.  A  long  incision  was  made  over  the  whole  length 
of  the  biceps  and  tlie  entire  muscular  portion  was  e.xcised. 
The  wound  was  dressed  with  gauze  soaked  in  peroxide  until 
all  oozing  had  ceased,  and  then  was  left  ex])Osed  to  the  air 
and  sun  under  a  single  layer  of  gauze. 

The  patient  vomited  a  good  deal  for  two  days  after  the  opera- 
tion, but  on  the  third  day  this  ceased,  and  his  temperature  and 
pulse  dropped  to  normal,  and  remained  so.  No  other  muscle 
was  affected,  and  the  resection  was  entirely  curative,  and  con- 
served his  limb.  He  was  sent  to  the  base  on  .July  Uth  with 
a  healthy  granulating  wound,  and  a  satisfactory  report  on  his 
condition  was  received  from  England  on  July  26th.     (G.  E.  N.) 

C.\SE  III. 

Pte.  0.  was  admitted  at  7.30  p.m.  on  October  29th,  1916, 
suffering  from  multiple  shell  wounds  received  the  same  after- 
noon. His  general  condition  was  good;  there  was  a  penetrating 
wound  of  the  right  chest,  an  in-aurl-out  wound  of  the  right  calf. 
and  a  penetrating  wound  of  the  right  biceps  muscle. 

The  next  day  lie  was  given  a  spinal  anaesthetic,  and  the 
wound  in  the  leg  was  incised  and  drained.  On  the  following 
day  his  condition  was  not  so  good,  and  he  complained  of  pain  in 
the  right  arm  ;  pulse  106,  temperature  101.8- .  The  wound  in  his 
arm  was  the  size  of  a  sixpence  (1.9  rtn.i,  and  was  situated  over 


the  centre  of  the  biceps  muscle.  The  arm  was  swollen,  and  the 
skin  was  tense  and  slightly  discoloured  in  the  region  of  the 
wound.  On  gentle  pressure  a  small  amount  of  dirty  serum 
with  gas  hubbies  in  it  escajjed  from  the  wound.  A  general 
anaesthetic  was  given,  and  the  biceps  muscle  exposed  by  a  long 
incision.  In  the  miildle  third  of  the  muscle,  deeply  situated, 
there  was  a  small  cavity  containing  a  fragment  of  shell  ;  above 
and  below  this  for  a  distance  of  two  inches  was  an  area  of  dead 
crepitant  muscle.  The  whole  necrotic  area  was  e.xcised  until 
healthy  muscle  was  reached,  which  bled  on  section.  The 
wound' was  left  freely  open,  and  dressed  with  eusol  gauze. 

He  made  a  straightforward  recovery,  and  was  evacuated  to 
the  base  on  November  12th.  The  wound  in  his  arm  was  then 
healthy  and  ready  for  secomlary  suture. 

In  this  case  immediate  improvement  followed  resection 
of  the  infected  muscle.     (H.  D.) 

C.\SE   IV. 

Pte.  G.,  wounded  on  July  24th,  1916,  was  admitted  the  same 
dav  with  shell  wounds  of  the  right  buttock,  right  calf,  and 
skull. 

Immediate  operation  by  trephining  ;  wounds  of  buttock  and 
calf  drained  and  a  piece"  of  metal  removed  from  the  soleus 
muscle. 

Twenty-four  hours  later  the  calf  was  very  swollen  and  tender 
and  gas  bubbled  from  the  wound  on  pressure;  the  temiierature 
was  102"  and  the  pulse  112.  An  anaesthetic  was  again  given 
and  the  calf  opened  up  from  the  lower  part  of  the  popliteal  space 
to  3  in.  from  the  ankle.  The  gastrocnemius  was  split  down  the 
mid-line  and  found  to  be  healthy  and  contractile ;  the  soleus 
beneath  along  the  track  of  the  projectile  was  found  to  be  in  the 
"  black  death  "  stage  of  gangrene  ;  it  was  crepitant  and  no  part 
of  the  muscle  was  contractile.  As  much  as  possible  of  the 
muscle  was  cut  away  and  the  wound  was  flushed  out  with  per- 
oxide and  left  open  to  the  air.  the  limb  being  slung  in  a  cradle 
for  this  purpose.  The  patient  was  given  100  c.cm.  of  5  per  cent, 
eusol  solution  intravenously  at  the  end  of  the  operation. 

Rapid  improvement  followed ;  the  temperature  and  pulse 
dropped  to  normal  on  the  next  day,  and  he  was  evacuated  to 
the  base  on  July  30th,  with  normal  temperature  and  pulse. 
The  head  wound'had  healed  and  the  other  wounds  were  clean. 

A  note  from  the  base  hospital  stated  that  he  was  sent  to 
England  on  August  5th,  1916,  having  made  an  uninter- 
rupted recovery.     (G.  E.  N.) 

Case  v. 

Second  Lieut.  G.,  wounded  in  the  left  leg  by  a  rifle  bullet  at 
close  range  at  2.30  a.m.  on  October  11th,  1916;  he  was  admitted 
at  9  a.m.  and  operated  on  immediately. 

There  was  a  through-and-through  wound  in  the  upper  and 
outer  part  of  the  left  calf,  the  wounds  of  entry  and  exit  being 
of  about  the  same  size  and  just  large  enough  to  admit  the  tip 
of  the  finger.  The  wounds  were  excised  and  freely  drained  by 
means  of  two  large  tubes  after  irrigation  with  eusol ;  the 
wound  appeared  to  be  a  comparatively  trivial  one. 

Eighteen  hours  later  the  pulse,  which  had  been  previously 
normal,  ran  up  to  120,  and  he  showed  signs  of  profound 
toxaemia  ;  the  upper  jiart  of  the  leg  was  swollen  and  tender 
and  the  skin  was  glazed  ;  there  was  no  subcutaneous  crackling. 
An  anaesthetic  was  again  given  and  the  entire  track  of  the 
wound,  which  was  about  three  inches  long,  was  laid  open  by 
division  of  skin  and  intervening  muscles.  The  peroneus  longus 
and  brevis  muscles  were  found  to  be  considerably  lacerated  ; 
they  were  altered  in  colour,  crepitant,  and  non-contractile. 
The  dead  portions  were  cut  away  until  healthy  bleeding 
muscle  was  reached,  which  contracted  on  stimulation.  The 
wound  was  left  open  and  created  with  continuous  eusol  drip 
irrigation. 

Immediate  improvement  followed,  the  pulse  dropping  to 
normal  within  a  few  hours.  He  was  evacuated  to  the  base  nine 
davs  later  with  a  healthy  granulating  wound. 

Anaerobic  gas-forming  organisms  were  found  on  culture  in 
the  dead  muscle  removed. 

This  case  is  of  interest,  as  the  infection  commenced 
in  spite  of  free  and  early  drainage.  Resection  of  the 
infected  area  cut  the  process  completely  short.  (C.  H.  S.  F.) 


C.\SE  VI. 

Corpl.  E.  was  admitted  at  5.30  p.m.  on  August  27th.  1915, 
having  been  wounded  by  a  shell  fragment  at  7  p.m.  the  previous 
dav.  On  admission  he  "looked  flushed,  the  tongue  was  dry,  the 
pulse  126,  and  the  temperature  103-.  There  was  a  wound  of 
entry  the  size  of  a  shilling  (2.3  cm.  I  over  the  anterior  tibial 
group  of  muscles  at  the  junction  of  the  middle  and  lower  thirds 
of  the  leg ;  the  wound  of  exit  was  2  in.  above  the  ankle-joint  on 
the  posterior  aspect  of  the  limb  in  the  middle  line.  The  missile 
had  passed  between  the  two  bones  of  the  leg.  The  limb  was 
very  swollen  in  its  lower  halt  and  the  skin  had  a  white,  tense, 
glazed  appearance  ;  there  was  considerable  pain  on  palpation. 
No  subcutaneous  crackling  was  elicited. 

On  raising  the  limb  under  the  anaesthetic,  gas  bubbles 
escaped  from  the  anterior  wound  with  some  foul  stinking 
serum.  The  skin  wound  was  excised  and  the  anterior  tibial 
group  of  muscles  were  explored  through  a  6  in.  incision.  The 
extensor  longus  digitorum  muscle  w-as  exposed,  this  had  been 
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<livide(l  across  by  the  missile  ;  the  retracted  ends  showed  an 
opaque  sheatli  with  underlying  dead  non-contractile  muscle  tor 
an  inch  on  either  side  of  the  wound.  The  dead  portions  were 
cut  away  until  normal  vascular  muscle  was  reached  at  either 
end.  About  two  and  a  half  inclies  in  all  were  cut  away  from 
either  end ;  the  anterior  tibial  artery  was  exposed  at  the 
bottom  of  the  wound,  but  was  uninjured.  The  extensor  longus 
hallucis  looked  healthy  and  contracted  well.  The  posterior 
muscles  were  not  markedly  damaged  and  were  not  iuterfered 
with.  The  wound  was  drained  and  drip  irrigation  with  eusol 
commenced. 

The  patient  made  an  uninterrupted  recovery,  aud  was 
evacuated  to  the  base  on  September  3rd  ;  his  pulse  was  then 
90  and  his  temperature  99'.     The  wounds  were  granulating. 

An  anaerobic  gas-forming  organism  was  isolated  from  the 
removed  muscle,  which,  on  section,  showed  necrosis  aud 
irregular  fragmentation  of  muscle  Hbres ;  there  was  oedematous 
thickening  and  leucocytic  infiltration  of  the  interstitial  con- 
nective tissue.  Large  bacilli  were  present  in  considei'able 
numbers  between  the  dead  fibres. 

This  case  clearly  shows  the  longitudinal  spread  of  the 
infection  in  the  muscles  and  how  free  resection  of  the 
diseased  muscle  arrests  any  further  spread  of  the  infection. 
(H.  D.) 

Case  vn. 

Pte.  C.  was  wounded  at  4  p.m.  on  .July  29th,  1916,  by  a  shell 
fragment  in  the  region  of  the  left  knee.  On  admission  five 
hours  later  his  condition  wa3  very  bad  owing  to  loss  of  blood  ; 
the  pulse  was  150. 

Six  hours  later  after  warmth  and  stimulation  he  was  fit  for 
operation,  and  the  wound  was  explored.  There  were  two 
lacerated  wounds  on  each  side  of  the  popliteal  space  which  had 
evidently  been  traversed  from  within  outwards;  examination 
showed  an  extensive  fracture  of  the  head  of  the  tibia  involving 
the  knee-joint.  The  pulsations  of  the  main  vessel  could  not  be 
felt ;  the  gastrocnemius  and  soleus  muscles  were  extensively 
lacerated.  The  wound  was  freely  drained  after  irrigation  with 
eusol. 

The  next  day  his  condition  was  satisfactory  until  8  p.m.,  when 
his  pulse  was  120  and  his  temperature  102.4-.  The  region  of 
the  wound  was  more  swollen  and  the  skin  over  the  calf  had  the 
appearauce  of  a  bruise  which  was  fadiug  ;  percussion  gave  a 
tympanitic  note  over  this  area ;  there  was  no  subcutaueous 
crackling.  The  knee-joint  was  also  resonant  from  the  presence 
of  gas.  The  lower  third  of  the  leg  was  cold,  and  there  were 
several  light  purple  patches  over  the  dorsum  of  the  foot. 

The  leg  was  removed  by  disarticulation  at  the  knee-joint ; 
examination  showed  occlusion  of  the  popliteal  artery  from  a 
bruise  wound  and  a  large  hole  in  the  popliteal  vein— the  gastro- 
cnemius and  soleus  muscles  showed  marked  gas  gangrene. 

He  was  much  improved  the  next  day,  but  on  the  following 
day  his  pulse  was  120,  aud  his  temjierature  101.4-  ;  the  lower 
third  of  the  thigh  was  swollen,  tender  to  the  touch  and  resonant 
to  percussion  ;  it  was  evident  that  the  infection  was  spreading 
up  the  muscles  of  his  thigh.  Under  chloroform  an  incision 
was  made  up  the  back  of  the  thigh  and  the  semimembranosus 
muscle  was  found  to  be  gaseous  and  stinking.  It  was  followed 
up  to  the  middle  of  the  thigh  and  resected  at  this  point  as  the 
fibres  were  found  to  be  healthy  there.  The  anterior  aspect  of 
the  thigh  was  then  explored  and  the  sartorius  muscle  fouud  to 
he  similarly  infected  in  its  lower  part ;  the  distal  four  inches 
were  resected  through  healthy  muscle. 

The  wounds  were  left  exposed  to  the  air,  being  covered  by  one 
layer  of  gauze  only;  the  wound  was  kept  irrigated  bv  a  constant 
eusol  drip.  The  thigh  was  slung  so  as  to  take  the  weight  off 
the  muscles  of  the  back  of  the  limb  ;  suspension  was  effected 
by  means  of  a  gauze  band  attached  to  the  exposed  condyles  of 
the  femur.  From  this  time  on  he  commenced  to  improve  ;  on 
the  following  day  his  pulse  was  96  and  temperature  101°.  On 
August  3rd  the  stump  of  the  po|)liteal  artery,  which  was  lying 
in  a  bed  of  sloughiug  muscle,  commenced  to  ooze ;  in  order  to 
avoid  a  secondary  haemorrhage  the  femoral  artery  was  ligated 
in  Hunter's  canal  under  local  anaesthesia.  After  this  he 
continued  to  improve,  and  was  evacuated  to  the  base  on 
August  ISth. 

The  muscles  were  infected  with  a  pure  culture  of  B. 
pcrfringcii^-. 

It  was  impossible  even  to  attempt  to  save  tlie  limb  in 
this  case  by  resection  of  muscle  in  the  first  instance  owiug 
to  the  occlusion  of  the  popliteal  artery.  AVhen  the 
secondary  spread  of  infection  occurred  into  the  thigh 
muscles  after  the  amputation  his  general  condition  became 
rapidly  so  bad  tliat  a  further  amputation  would  have  been 
inevitably  fatal.  Resection  of  the  infected  muscles  was 
the  only  satisfactory  course  to  adopt,  as  proved  to  be  the 
case.     (H.  D.) 

C.\SE  VIII. 

Pte.  P.,  wounded  August  28th,  1916,  was  admitted  the  same  day. 
There  was  a  through-and-through  wound  of  the  left  thigh, 
with  compound  fracture  of  the  femur  in  the  upper  third.  He 
had  had  much  haemorrhage  before  admission,  and  was  verv 
collaijsed  on  admission  ;  pulse  140,  temperature  subnormal. 

Twelve  hours  later  he  had  improved  sufticiently  for  opera- 
tion ;  both  wounds  were  freely  opened  up,  lacerated  muscle, 
fragments  of  bone,  and  the  case  of  a  bullet  being  removed.   The 


outer  wound  was  kept  open  with  a  silver  retractor,  and  both 
were  lightly  packed  witli  eusol  gauze.  The  limb  was  immo- 
bilized on  a  WallaceMaybury  splint,  and  the  wounds  were 
syringed  every  two  hours  with  eusol. 

The  patient  had  a  good  night,  but  next  morning  his  tem- 
]ierature  antl  pulse  began  to  rise;  he  complained  of  pain  in  the 
limb  and  of  great  thirst,  and  the  tongue  became  dr>'  and  brown. 
The  litxib  was  found  to  be  swollen  and  tense,  and  had  a  charac- 
teristic odour.  There  was  no  skin  crepitation  and  no  gas 
bubbles  from  the  wound.  An  immediate  "  chaff-cutter  "  ampu- 
tation just  below  the  trochanters  was  performed ;  as  the 
adductor  muscles  were  found  to  be  in  the  red  stage  of  gas 
gangrene,  they  were  com|)letely  excised  from  the  stump.  The 
wound  was  dressed  for  twenty-four  hours  in  gauze  soaked  in 
peroxide,  and  then  left  exposed  to  the  air  under  one  layer  of 
gauze. 

Within  two  days  the  temperature  dropped  to  normal  and  the 
pulse  to  90;  none  of  the  other  muscles  in  the  stump  showed 
any  sign  of  being  infected,  and  he  was  evacuated  to  the  base  on 
September  15th  with  a  granulatiug  wound. 

A  laboratory  report  confirmed  the  diagnosis  of  gas  gangrene. 

This  method  of  removing  a  group  of  infected  muscles 
was  also  carried  out  in  another  case  five  days  after  ampu- 
tation, the  adductors  liere  being  also  removed.  No  spread 
occurred  in  the  other  muscles.     (G.  E.  N.) 


Case  ix. 

Ijieut.  B.,  wounded  at  1  a.m.  on  September  13th,  1916,  by 
shell ;  the  right  leg  w,as  shattered  in  the  lower  third.  He  was 
admitted  at  3.30  a.m.  the  same  da.v. 

Primary  amputation  by  equal  lateral  fiaps  at  the  middle  of 
the  leg  was  performed  at  4  a.m.  It  was  noticed  at  the  opera- 
tion that  the  anterior  tibial  artery  was  occluded  ;  there  was  no 
change  in  the  muscles,  which  were  coutractile  and  apparently 
healthy.  The  wound  was  freely  irrigated  with  eusol,  and  the 
Haps  which  were  free  were  united  loosely  with  three  sutures. 
Free  drainage  was  provided  by  means  of  two  tubes,  which  also 
served  for  constant  eusol  irrigation,  which  was  started  at  once. 
The  pulse  before  the  operation  was  90;  at  the  end  it  was  88. 

Tweuty-si.x  hours  later  the  pulse  ran  to  120,  the  tongue 
became  furred  and  dry,  aud  the  i^atient  was  drowsy  and 
obviously  very  ill.  Examination  of  the  wound  showed  mottling 
of  the  skin  over  the  front  of  the  leg,  together  with  a  tympanitic 
note  on  percussion  over  the  same  area  ;  there  was  no  crackling 
of  the  subcutaneous  tissues.  The  wound  was  at  once  opened 
up,  when  it  was  found  tliat  the  entire  anterior  tibial  group  of 
muscles  were  a  brick-red  colour,  non-contractile,  and  quite 
deai.1.  They  were  removed  en  niasi^e  and  the  wound  was  left 
open  under  constant  eusol  drip  irrigation. 

The  general  condition  remained  bad  for  twenty-four  hours, 
with  rapid  pulse,  drowsiness,  and  persistent  vomiting.  Steady 
improvement  then  followed,  and  the  patient  was  sent  to  the 
base  on  yeptember  22nd  with  a  healthy  granulating  wound. 

The  removed  muscles  were  found  on  culture  to  be  heavily 
infected  with  gas-forming  organisms. 

The  only  other  alternative  in  this  case  -would  have  been 
a  further  amputation  through  the  thigh,  which  it  is 
doubtful  if  the  patient  would  have  survived.  Resection 
of  the  muscles  avoided  this  additional  danger  aud  gave 
the  patient  a  much  more  serviceable  stump,  as  the  knee- 
joint  was  saved.     (0.  H.  S.  f .) 


Case  x. 

Pte.  P.  was  wounded  by  shell  fragment  on  July  23rd,  1916. 
When  admitted  on  July  24th  the  temperature  was  103.6  , 
and  the  pulse  120.  There  was  a  through-and-through  wound 
of  the  left  thigh,  the  entry  being  on  the  inner  side,  3  in.  above 
the  patella,  and  the  exit  2  in.  higher  up  on  the  outer  side. 
The  exit  wound  was  swollen,  tense,  and  tender,  but  did  not 
crepitate. 

Both  wounds  were  excised  and  united  by  incising  the  skin. 
There  was  some  laceration  of  the  edge  of  the  vastus  internus ; 
this  was  cut  away;  the  muscle  looked  normal,  and  was  con- 
tractile. The  rectus  femoris  was  grooved  on  its  under  surface, 
but  appeared  otherwise  normal.  The  exposed  inuer  edge  of  the 
vastus  externus  was  brick-red  and  non-contractile,  aud  smelt 
strongly  of  gas  gangrene.  An  area  of  4  in.  by  2  in.  of  the  muscle 
showed  signs  of  red  death  ;  the  parts  beyond  were  normal  and 
contractile.  A  free  skin  incision  was  made,  and  a  x^iece  of 
muscle  8  in.  by  3  in.  enclosing  the  affected  area  was  excised.  The 
wound  was  dressed  in  gauze  soaked  in  peroxide,  and  later 
exposed  to  sun  aud  air. 

The  temperature  and  pulse  steadily  fell,  and  by  .July  30tli 
were  99°  and  76  respectively.  He  was  sent  to  the  base  on  that 
day  ;  the  wound  was  theu  healthy  and  granulating,  and  there 
was  no  sign  of  further  gas  infection. 

A  report  from  the  mobile  laboi'atory  stated  that  the 
infection  was  due  to  an  anaerobic  gas-forming  organism. 
(G.  E.  N.) 

Case  xi. 

Pte.  M.,  wounded  on  August  29th,  1915,  by  shell  fragment  in 
the   left  groin.     There  had  been  much   haemorrhage  at  first. 
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necessitating  saline  infusion  in  the  Held  ambulance,  where  he 
was  retained  until  midday  on  August  3l8t. 

On  admission  his  condition  was  grave;  tongue  bi-own  and 
dry,  pulse  130.  There  was  a  ragged  wound  of  entry  the  size  of 
a  s'hilling  (2.3  cm.)  an  incli  and  a  half  below  Poupart's  ligament 
and  just  to  the  inner  side  of  the  femoral  vessels  ;  tlie  skin  over 
the  upper  third  of  the  tliigli  and  for  a  hamlbreadtli  above 
Poupart's  ligament  was  mottleil  and  discoloured,  and  showed 
marked  subcutaneous  cracl\ling. 

.\n  anaesthetic  was  immediately  given,  and  the  wound  opened 
lip  ;  it  was  found  to  extend  u[iwards  and  outwards  towarils  the 
anterior  superior  spine,  where  a  fragment  of  metal  and  khaki 
was  found  in  the  sartorius  muscle.  The  muscle  in  tliis  situa- 
tion was  dead,  and  the  upper  third  was  cutaway.  The  dis- 
coloured and  crepitant  areas  were  incised  down  to  deep  fascia, 
and  freely  injected  with  hydrogen  pero.xide.  No  dressing  was 
applied,  ami  the  wound  was  kept  constantly  irrigated  with 
h>"drogen  peroxide  and  left  ex[iosed  to  the  air  and  sun. 

Kapiil  improvement  took  place,  and  the  man  was  evacuated 
to  the  base  with  a  granulating  wound  twelve  days  later.  No 
bacteriological  examination  was  ma  le,  bat  there  was  no  doubt 
about  the  ooudition. 

At  the  time  when  this  case  came  untler  treatment  the 
siguiticauce  of  the  muscle  resection  was  not  reahzed,  but 
it  seems  at  least  probable  that  it  cut  short  the  process  by 
removiug  the  main  focus  of  infection.     (C.  H.  S.  F.) 


pulse  110.  The  wound  was  found  to  be  ten  ler,  crepitant,  and 
gassy. 

An  anaesthetic  was  again  given,  and  the  whole  track  of  the 
missile  laid  open  ;  the  sartorius,  rectus  femoris,  and  the  inner 
edge  of  the  vastus  externus  were  found  to  be  in  tlie  "black 
death"  stage  of  gas  gangrene.  An  incision  was  made  from  the 
anterior  superior  iliac  spine  to  the  knee  and  another  along  the 
inside  of  tlie  thigh;  these  were  stitched  back  to  healthy  skin 
so  as  to  expose  the  wound  fully.  ."Ml  three  muscles  showed  the 
"  black  death  "  stage  of  gangrene  at  tlie  site  of  the  wound, 
toning  down  tlirough  the  "  red  death  "  stage  to  normal  muscle 
as  the  muscles  were  traced  down  the  thigh.  Tbe  muscular  part 
of  the  rectus  femoris  was  removed,  and  also  the  sartorius  from 
its  origin  to  just  above  the  knee.  A  strip  of  the  vastus  externus 
for  nearly  its  entire  length  and  for  a  width  of  3  in.  was  also 
excised.  No  otlier  muscles  appeared  to  be  affected  ;  the  wound 
was  dressed  with  gauze  soaked  in  peroxide,  and  afterwards 
exposed  to  tlie  sun  and  air. 

For  three  days  he  was  very  ill,  with  rapid,  feeble  pulse,  con- 
stant hiccough,  and  |>ersisteiit  vomiting;  he  however  slowly 
improved,  and  on  September  5th  his  pulse  was  88  and  tempera- 
ture 100  ;  tlie  hiccough  still  persisted.  Two  days  later  a  part 
of  the  skin  Maj)  sloughed,  after  which  he  improved  steadily,  andi 
was  evacuated  on  September  11th  with  a  healthy  granulating 
wound,  whicli  was  skin-grafted  at  the  Ijase  hospital, 

Tlie  diagnosis  of  gas  gangrene  was  coniirmed  by  the 
mobile  laboratory.     (G.  E.  N.) 


C.4SE  XII. 

Lance-Corpl.  C,  wounded  in  the  left  thigh  by  a  shell  frag- 
ment at  3  p.m.  on  March  13th,  1916,  was  admitted"  into  hospital 
at  2.30  p.m.  the  following  day. 

Ou  admission  he  looked  hushed,  the  temperature  was  102-, 
and  the  pulse  120.  There  was  a  jagged  w-ound  two  inches  long 
on  the  outer  aspect  of  the  lower  third  of  the  left  thigh.  There 
was  no  exit  wound.  The  lower  part  of  the  left  thigh  was 
swollen  and  tense,  and  the  overlying  skin  shiny.  There  was 
tenderness  on  palpation,  and  a  tympanitic  note  was  obtained  on 
percussion  ;  there  was  no  sulicuiiaueous  crackling. 

At  5.30  p.m.  on  the  same  day  a  long  incision  down  the  outer 
aspect  of  the  thigh  exposed  the  vastus  externusmuscle,  of  which 
the  lower  half  was  markedly  affected  with  gas  gangrene.  A 
portion  of  the  muscle  near  the  wound  of  entry  was  black  in 
colour  and  the  muscle  fibres  were  diffluent.  The  lower  part  of 
the  muscle  was  resected  up  to  the  middle  of  the  thigh,  where 
healthy  contractile  muscle  was  found.  As  the  muscle  planes 
were  separated  by  gas  up  to  the  level  of  the  great  trochanter, 
the  skin  incision  was  carried  up  to  tliis  level.  The  whole  wound 
was  left  wide  open  and  dressed  with  eusol  gauze.  At  9  p.m. 
the  same  evening  he  was  given  an  intravenous  injection  of 
eusol  100  c.cm. 

The  pulse  dropped  the  next  day,  and  he  showed  great  im- 
provement ;  this  was  maintained,  and  he  was  evacuated  to  the 
base  six  days  later.  Information  was  received  from  England  a 
week  later  that  he  was  progressing  well. 

An  anaerobic  gas-forming  organism  was  obtained  on 
cultivation  from  the  muscle  removed.     (H.  D.j 


C.\SE  xiir. 

Pte.  B.  was  wounded  by  shell  fragment  on  September  1st, 
1916,  and  admitted  the  same  day.  There  was  a  through-and- 
through  wound  of  the  thigh,  the  entrance  being  on  the  inner 
side  two  inches  below  Poupart's  ligament  and  the  exit  at  a 
corresponding  point  on  the  outer  side. 

Under  an  anaesthetic  the  skin  wounds  were  excised  and  the 
track  syringed  witli  eusol  and  drained. 

Fifteen  hours  later  the  patient  complained  of  great  pain  in 
his  thigh  and  of  great  thirst:  the  temperature  was  101-  and  the 


Case  xiv. 

Corpl.  v.,  wounded  in  the  left  thigh  bv  a  shell  fr.agmentat 
5.30  p.m.  on  September  19th,  1916,  was  admitted  five  hoiura 
later. 

His  general  condition  was  good  ;  pulse  100.  temperature  99''. 
There  was  an  entry  wound  the  size  of  half  a  crown  on  the 
inner  and  posterior  aspect  of  the  thigh  at  the  junction  of  the 
middle  and  upper  thirds.  The  exit  wound  was  at  the  outer 
side  of  the  thigh  in  tlie  middle  third;  it  was  very  large,  ad- 
mitting the  whole  hand  ;  the  muscles  were  greatly  lacerated. 
He  was  operated  on  immediately  after  admission  ;  the  missile 
had  passed  through  the  vastus  externus  and  biceps  muscles 
close  to  the  femur,  and  had  partially  divided  the  sciatic  nerve. 
The  wound  was  freely  drained  after  irrigation  with  eusol. 

He  continued  to  do  well  for  two  days,  when  the  evening  pulse 
rose  from  104  to  132,  aud  the  temperature  to  102-.  The  skin 
over  the  exit  wound  was  now  a  dirty-brown  colour,  and  the  area 
in  the  neighbourhood  was  swollen  and  tender ;  there  was  no 
subcutaneous  crackling.  The  skin  discoloration  extended  to 
the  popliteal  space.  A  further  anaesthetic  was  given,  and  the 
large  exit  wound  was  laid  freely  open.  In  the  lower  part  of  the 
wound  the  vastus  externus  muscle  was  found  to  be  gangrenous ; 
it  was  non-contractile  and  gaseous.  The  infected  portion  of  the 
muscle  was  resected  until  healthy  muscle  was  exposed.  In  the 
upper  part  of  the  wound  tlie  vastus  externus  was  pale  and  con- 
tracted feebly  ;  witli  clean  instruments  a  piece  was  removed  for 
examination,  and  the  skin  was  laid  freely  open  over  the  muscle. 
Eusol  dressings  were  used. 

Immediate  improvement  followed,  and  he  was  evacuated  to 
the  base  ou  September  26th,  with  a  normal  temperature  and 
pulse. 

Anaerobic  gas-forming  organisms  were  cultivated  from  the 
dead  muscle,  and  were  also  obtained  on  culture  from  the 
portion  of  muscle  remosed  from  the  upper  part  of  the  wound. 

This  case  shows  the  immediate  improvement  after  re- 
section of  the  infecting  focus,  and  also  that  muscle  may 
look  healthy  and  be  contractile,  and  yet  be  infected. 
(H.  D.J 

Reference. 
1  Gas  Gan^'i-ene  as  Seen  at  the  Clearing  Stations.  British  Medical 
Journal.  September  16jh,  1916. 
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CHAPTEE   VII. 


THE  DEVELOPMENT  OF  BEITISH   SUKGERY  IN  THE   HOSPITALS  ON  THE 
LINES  OF  COMMUNICATION  IN  FRANCE. 

BY 

Surgeon-General  Sir  GEORGE  H.  MAKINS,  K.C.M.G.,  C.B.,  F.R.C.S., 

Consulting  Subgeon,  British  Armies  in  France. 


The  general  hospitals  on  the  Hues  of  communication  in 
France  have  undei-f^oue  a  steady  process  of  extension  iu 
accommodation  and  development  since  August,  1914. 
They  have  been  housed  very  variously — some  in  the 
original  tent  units,  some  iu  huts,  ancf  some  in  large 
buildings  adapted  to  their  present  purpose.  Tented  units 
under  the  climatic  conditions  of  France  have  proved  to 
possess  but  one  virtue,  tliat  of  mobility,  and  in  all  the 
tented  hospitals  still  remaining  a  certain  proportion  of 
huts  for  serious  cases,  operating  theatres,  mess  accommo- 
dation and  stores  and  offices,  have  been  added.  The  most 
satisfactory  units  are  hutted  througliout,  aud  these  leave 
little  to  be  desired  either  for  comfort  or  for  satisfactory 
work,  even  when  compared  with  the  civil  hospitals  at 
home.       Most    of   the    buildings    now   iu    use    are    either 

of    the    nature   of      

public  buildings 
or  of  large  hotels. 
Each  i^ossesses 
some  special  advan- 
tages. The  large 
rooms  of  casinos,  etc., 
form  excellent  wards, 
easily  overlooked  and 
economical  to  work, 
but  such  buildings 
need  usually  con- 
siderable reinforce- 
ment with  regard  to 
sanitary  accommoda- 
tion. The  hotels  are 
more  convenient  for 
officers  as  providing 
a  large  number  of 
smaller  rooms,  but 
this  necessitates  a 
somewhat  1  a  rg  e  r 
nursing  staff,  and 
renders  attention  to 
individual  patients 
a  more  troublesome 
task. 

Special      hospitals 
are     set     apart     for 
the  treatment  of  infectious  cases,  for  skin  diseases,  and  for 
venereal  cases. 

All  the  Dominions  are  represented.  Thus  Canada, 
Australia,  New  Zealand,  and  South  Africa  have  all  pro- 
vided general  or  stationary  hospitals  in  addition  to  the 
more  mobile  units  present  iu  the  advanced  lines.  There  is 
also  an  American  voluntary  unit. 

Each  unit  is  complete  in  itself,  possessing  operating 
theatres,  clinical  laboratory,  and  its  own  disinfecting 
apparatus.  The  only  department  that  is  commonly  massed 
when  a  number  of  units  are  collected  in  the  same  area  is 
the  mortuary  and  accommodation  for  post-inorfeni  exami- 
nations. Tlie  majority  of  the  units — the  normal  capacity 
of  which  is  520  beds — have  been  extended  by  the  provision 
of  additional  ward  accommodation  to  receive  1,040  patients, 
while  iu  times  of  stress  a  further  extension  to  2,000  is 
possible  by  tlie  addition  of  tents.  Tlie  number  of  patients 
which  may  need  to  be  dealt  with  during  active  fighting 
may  be  very  large ;  thus  during  the  first  three  mouths  of 
the  action  on  the  Somme  as  many  as  8,500  wounded 
men  have  been  passed  through  a  single  unit.  This 
necessitates  ample  operating  theatre  accommodation,  and 
in  all  either  a  largo  theatre  is  provided,  or  in  one  type 
of  unit  two,  so  that  at  least  four  operating  tables  can 
be  kept  at  work  contemporaneously.  In  spite  of  these 
provisions,  at  busy  times  the  surgeons  may  be  engaged 
continuously  in  shifts  for  two  or  three  days  and  nights 
without  cessation. 

Within  certain  limits,  arrangements  exist  for  the  aggre- 
gation of  special  classes  of  injury,  such  as  fractures  of  the 


Fig.  1. — Interior  of  a  ward  at  a  general  hospital  at  a  base  in  France. 


bones  of  the  limbs,  injuries  to  the  face  and  jaws,  com- 
pound and  complicated  fractures  of  the  skull  and  vertebral 
column,  and  wounds  of  the  chest. 

In  connexion  with  each  large  hospital  camp  convalescent 
camps  are  established,  aud  life  iu  these  is  rendered  more 
pleasant  to  the  men  by  the  provision  of  the  social  huts  of 
the  Young  IMen's  Christian  Association,  the  Church  Army, 
aud  other  bodies. 

HOSPITAL  TRAINS  AND  MOTOR  AMBULANCES. 
The  vast  majority  of  the  patients  admitted  to  the 
general  hospitals  are  brought  down  by  the  hospital  trains. 
Although  even  the  best  of  the  present  trains  can  only  be 
said  to  be  a  slight  advance  on  some  of  those  in  use  during 
the  South  African  campaign,  or  those  already  provided  for 

transporting  the 
patients  on  their 
arrival  in  port  iu 
England  at  the  com- 
mencement of  this 
war,  yet  the  develop- 
ment of  the  hospital 
train  iu  France  was 
a  matter  of  extreme 
urgency  and  great 
difficulty  in  the  initial 
stages  of  this  cam- 
paign. It  seems  as 
if  both  France  and 
Germany  iiad  relied 
for  the  railway  trans- 
port of  the  wounded 
on  the  same  means 
which  served  the 
purpose  iu  the  war 
of  1870-71.  In  fact, 
with  the  exception 
of  the  addition  of 
frames  for  carrying 
stretchers  placed  on 
the  floors  of  mer- 
chandise wagons,  no 
special  arrangements 
appear  to  have  been 
made.  The  trains  conveying  the  wounded  from  the  front 
were  provided  with  no  permanent  arrangements  for  cooking 
food,  no  sanitary  conveniences,  no  provision  for  the  carriage 
of  water,  and,  in  fact,  consisted  of  a  mere  string  of  trucks, 
with  no  means  of  intercommunication  to  allow  the  atten- 
dants to  pass  readily  from  wagon  to  wagon.  To  add  to  the 
miseries  of  the  journeys  made  in  these  trains,  they  were 
long,  sometimes  extending  over  two  or  three  days  before 
the  west  coast  was  reached. 

A  small  difference  in  gauge  in  the  French  and  English 
lines  prevented  the  prompt  shifting  of  English  hospital 
carriages  across  the  Channel,  and  too  great  praise  cannot 
be  accorded  to  the  officers  who  set  to  work  to  improvise 
more  satisfactory  means  of  railway  transport.  Odd  car- 
riages of  every  build  and  descrijitiou  were  obtained  when- 
ever opportunity  offered,  and  within  a  few  weeks  with 
alterations  hastily  but  effectively  carried  out,  a  number  of 
efficient  if  not  lu.xuriously  appointed  hospital  trains  were 
forthcoming,  and  it  says  much  for  the  officers  who  did  this 
work  that  although  at  the  present  time  over  thirty  hospital 
trains  are  running,  no  less  than  seven  are  of  the  original 
improvised  series,  and  are  still  found  efficient. 

Cue  word  should  be  added  regarding  the  fleet  of  impro- 
vised barges  which  run  on  the  canals  between  the  front 
and  two  of  the  general  hospital  areas.  Tliere  is  no  doubt 
that  the  smooth  passage  of  these  boats  provides  the  acme 
of  comfort  for  patients  to  whom  the  unavoidable  shaking 
of  a  railway  journey  entails  both  pain  and  harm.  It  is 
unfortunate  that  the  general  utility  of  the  barges  is  limiter" 
to  the  few  districts  in  which  canals  are  to  be  found. 
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Thospleiuliil  motor  aiubulanco  convoys  attacliod  to  each 
disti-ict,  aiul  for  most  of  whirh  tlio  army  is  iuilobted  to  the 
lied  Cross  SoLjietios  of  the  United  Kingdom  and  the 
Colonies,  have  been  already  referred  to  as  to  their  work  at 
tlio  front,  and  no  further  mention  of  their  devoted  work  is 
necessary  at  this  place. 

As  to  the  last  link  between  the  general  hospitals  on  the 
lines  of  communication  and  the  base  in  England,  the 
hospital  ships,  it  suffices  to  say  that  they  leave  nothing 
to  be  desired. 

WOUND  TREATMENT. 
This  question,   which  has    exercised    the  ingenuity  of 
man  since  the  birth  of  surgery,  has  abated  no  jot  of  its 
capacity  for  arousing  controversy  and  avoiding  a  solution 
which  can  satisfy  all. 

Experience  has  in  no  way  controverted  that  gained  in 
civil  practice  in  the  use  of  aseptic  methods,  but  has,  on  the 
other  hand,  proved  conclusively  that  advance  in  the  treat- 
ment of  septic  wounds  has  had  in  this  campaign  to  start 
from  an  unfamiliar  standpoint,  and  has  progressed  but 
slowly.  Practical  application  has  demonstrated  the  supe- 
riority of  the  Listerian  principle  and  method,  but  the 
multiplicity  of  the  chemical  media  employed  affords 
evidence  enough  of  the  difficulty  met  with  in  establishing 
any  one  means  as  that  suitable  for  every  class  of  case.  On 
two  points  alone  can  no  difference  of  opinion  exist :  (1)  The 
urgency  of  an  efficient  primary  mechanical  cleansing  and 
exposure  of  the  wound  cavity,  and  (2)  the  importance  of 
maintaining  the  wounded  part  at  rest.  The  latter  point 
raises  the  first  great  difficulty  wliicli  has  to  be  met  by  the 
military  surgeon,  the  absolute  necessity  of  early  transport 
of  the  wounded  man;  and  leads  directly  to  a  second, 
the  amount  of  interference  advisable  in  wounds  which 
have  reached  the  "  intermediate  stage,"  that  is,  the  period 
of  established  infection  during  its  first  phase,  the  con- 
dition, in  fact,  in  which  a  large  proportion  of  all  gunshot 
wounds  reach  the  general  hospitals  on  the  lines  of 
communication. 

Speaking  generally,  it  has  been  shown  that  if  the 
primary  mechanical  cleansing  of  the  wound  has  been 
thoroughly  carried  out,  bo  further  gross  intervention 
should  be  necessary ;  further,  tliat  if  want  of  time  and 
medical  officers  has  not  allowed  of  this  procedure  being 
fully  carried  out,  yet  if  the  wound  has  been  sufficiently 
opened  up  and  primary  drainage  ensured,  the  subsequent 
treatment  is  comparatively  simple.  From  the  point  of 
view  of  the  surgeon  on  the  lines  of  communication,  free 
incisions  are  never  objectionable,  provided  they  be  made 
in  such  directions  as  not  to  render  the  subsequent 
secondary  closure  of  the  wound  impracticable,  the  one 
structure  for  which  he  jjleads  avariciously  being  the 
integument.  The  primary  cleansing,  given  satisfactory 
surroundings,  cannot  have  been  undertaken  too  early,  as 
every  hour  of  delay  adds  to  the  subsequent  task  of  dealing 
with  the  infection.  In  this  relation  the  immediate  re- 
moval of  shell  fragments  and  clothing  is  of  the  first 
importance,  because  if  allowed  to  remain  the  deferred 
operation,  even  in  minor  wounds,  may  prove  a  procedure 
of  great  danger  when  the  patient  has  arrived  at  the 
general  hospital  on  the  lines  of  communication.  Such  an 
apparently  trivial  operation  may  be  followed  at  this  stage 
by  an  acute  extension  of  anaerobic  infection  involving  the 
whole  segment  of  a  limb,  the  entire  member,  or  indeed  be 
sufficiently  extensive  to  lead  to  the  loss  of  the  limb,  or 
even  the  patient's  life. 

The  conditions  of  war,  however,  not  infrequently  prevent 
an  ideal  early  treatment  of  the  wounds.  It  may  be  impos- 
sible to  remove  patients  from  "No  Man's  Laud,"  or  even 
from  the  trenches,  for  many  hours  or  even  days  after 
reception  of  the  wound.  On  the  occasion  of  serious 
fighting  the  number  of  the  wounded  may  make  it  impos- 
sible for  the  requisite  amount  of  time  to  be  sijent  on  indi- 
viduals, especially  those  less  seriously  injured.  Lastly, 
unavoidable  delay  in  transport  may  result  in  extension  of 
infection  and  conversion  of  a  promising  case  as  it  left  the 
casualty  clearing  station  into  one  arriving  at  the  general 
hospital  in  a  highly  unsatisfactory  condition. 

Happily,  whatever  the  initial  procedure  and  application 
may  have  been,  in  many  cases  the  young  and  healthy 
patients  arrive  in  good  general  condition,  the  local  wound 
progressing  satisfactorily,  in  some  instances  devoid  of  any 
.serious  infection.  In  a  considerable  proportion,  however, 
men  are  admitted  suffering,  both  generally  and  locally, 
-with  every  grade,  of  infection  from  the  slight  to  the  most 


severe.  The  former  class  present  little  difficulty,  the 
wounds  heal  readily  under  any  form  of  simple  application, 
or,  as  a  time-saving  and  precautionary  measure,  the  smaller 
wounds  may  be  completely  excised  and  the  gap  sutured. 
The  latter  method,  especially  advocated  by  Colonel 
II.  M.  AV.  Gray,  has  been  attended  by  success  in  his  own 
hands  and  in  those  of  other  surgeons,  particularly  in  the 
case  of  uncompli(:ated  scalp  wounds  or  the  smaller  inultiplo 
injuries  inflicted  by  fragments  of  shells  or  bombs. 

A  vastly  more  difficult  problem  is  presented  by  patients 
arriving  in  the  stage  of  acute  development  of  infections. 
The  wound  has  already  been  primarily  opened  up  and 
cleansed,  and  the  question  arises  whether  further  surgical 
interference  will  effect  improvement  or  lead  to  increased 
extension  of  the  infective  process.  On  the  one  hand,  it  is 
evident  tliat  the  patient  is  suffering  from  an  exacerbation 
directly  due  to  the  disturbance  involved  by  transport ;  on 
the  other,  the  possibility  is  always  present  that  delay, 
even  of  a  few  hours,  may  allow  such  progress  as  to  render 
any  further  intervention  useless.  A  rough-and-ready 
distinction  between  cases  in  which  clinical  evidence  sug- 
gests anaerobic  or  aerobic  infection  respectively  to  pre- 
dominate forms  the  most  useful  guide.  In  the  former 
case  delay  may  be  fatal  to  life  or  Hmb,  in  the  latter  an 
interval  of  rest  often  results  in  a  rapid  subsidence  both  of 
local  signs  and  general  symptoms,  and  no  further  incision 
may  be  required. 

Patients  arriving  at  the  general  hospitals  may  have  been 
submitted  to  several  varieties  of  primary  wound  treat- 
ment. Speaking  generally,  the  principles  adopted  have 
consisted  in  the  maintenance  of  i-est,  moisture,  and  an 
antiseptic  application.  In  the  earlier  stages  of  the  cam- 
paign numerous  antiseptic  solutions  were  employed,  also 
the  hypertonic  saline  solution,  but  of  late,  in  the  great 
majority  of  cases,  solutions  of  which  the  .active  con- 
stituent is  chlorine  have  found  most  favour  and  have 
proved  the  most  satisfactory  in  practice.  Eusol,  and  with 
gradually  increasing  frequency  the  Dakin-Daufresne  solu- 
tion of  hypochlorite  of  sodium,  are  those  now  most  com- 
monly resorted  to.  In  the  case  of  the  former,  moist 
gauze  dressings,  in  combination  with  ordinary  rubber 
drainage  tubes,  have  been  generally  employed ;  for  the 
latter  the  technique  of  Carrel  is  used. 

A  smaller  number  of  cases  have  been  treated  by  other 
methods,  such  as  primary  suture,  the  salt  pack,  closure 
after  the  introduction  of  a  mixture  of  iodoform,  bismuth 
subnitrate  and  paraffin  (Rutherford  Morison's  method),  a 
solution  of  brilliant  green,  etc.  A  word  may  be  added 
regarding  the  salt  pack  method  advocated  by  Colonel 
H.  M.  W.  Gray.  This  method,  consisting  in  a  thorough 
packing  of  every  crevice  of  the  wound  with  gauze,  between 
the  layers  of  which  tablets  of  sodium  chloride  are  enclosed, 
is  suitable  for  wounds  of  the  large  funnel  type  or  of  a 
superficial  nature.  It  is  not  safe  for  tunnel  wounds,  wounds 
implicating  the  large  vessels^  or  highly  comminuted 
fractures.  The  early  action  of  the  sodium  chloride  is 
inhibitory,  and  gives  no  aid  to  the  healing  process;  indeed, 
the  tablets,  even  when  enveloped  in  gauze,  cause  local 
necrosis  of  the  tissues  opposite  to  them.  On  the  other 
hand,  wounds  dressed  in  this  manner  may  be  left  un- 
touched in  many  cases  for  a  week  or  ten  days,  during 
which  period  the  patient's  general  condition  remains 
excellent  The  pack,  acting  as  a  foreign  body,  excites  a 
local  reaction  around  the  wound,  with  a  consequent  narrow 
wall  of  inflammatory  infiltration  which  protects  the  general 
system  from  the  absorption  of  toxic  products  from  the 
wound.  Suitable  cases  dressed  in  this  manner  arrive  in  a 
surprisingly  good  condition  at  the  general  hospitals,  and 
the  wounds  do  well  with  subsequent  cleanly  autiseptic 
treatment.  Subsequent  introductions  of  the  pack  are 
neither  conducive  to  rapid  closure  of  the  wound,  clean- 
liness, nor  the  amenities  of  the  ward,  and  are  undesirable. 
It  may  be  well  here  to  mention  the  experience  which 
has  been  gained  as  to  three  points  in  the  technique  of 
the  treatment  of  septic  wounds — drainage,  irrigation,  and 
baths. 

Drainage. 
The  methods  of  maintaining  the  free  escape  of  septic 
discharges  from  the  wound  have  undergone  considerable 
modification,  although  no  doubt  has  arisen  as  to  the 
cardinal  importance  of  the  principle  to  be  carried  out. 
In  the  earlier  stages  of  the  war  it  was  effected  mainly  by 
the  introduction  of  rubber  tubes  of  large  calibre  and  other 
devices,  and  these  were  retained  for  prolonged  periods  at 
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the  general  hospitals.  The  objections  to  this  uiethod — the 
tendency  of  the  tube  to  form  for  itself  a  localized  channel 
useless  for  general  escape  of  fluid,  the  presence  of  a  foreign 
body  in  the  wonnd  capable  of  exercising  injurious  local 
pressure,  the  establishment  of  a  track  by  which  infection 
could  be  freely  conveyed  from  tlie  surface  to  tlie  depths  of 
the  wound  cavitj',  and  lastly,  the  difficulty  of  determining 
the  moment  at  which  the  tube  might  be  safely  removed 
after  its  prolonged  stay — were  obvious,  but  they  were  faced 
for  a  time  in  view  of  the  very  serious  infections  that  had 
to  be  dealt  with.  A  revulsion,  however,  soon  followed, 
in  consequence  of  the  unsatisfactory  results  attained,  and 
the  tube  is  now  I'etained  as  a  provisional  measure,  and  in 
many  cases  not  employed  at  all.  Tlie  main  element  in 
the  decreased  use  of  the  cylindric'al  tube  has  been  the  in- 
troduction of  what  may  be  called  the  "  curtain  "  method. 
This  is  well  illustrated  in  two  fornis  by  Cariel's  and 
Rutherford  Morison's  systems  respectively.  In  Carrel's 
the  wound  surfaces  are  kept  apart  not  by  the  small  tubes 
employed  for  the  purpose  of  instillation,  but  by  the  layer 
of  fluid  constantly  renewed  between  them  and  the  light 
gauze  packing  introduced  to  retain  it.  In  Rutherford 
Morison's,  a  tljin  layer  of  an  antiseptic  medium  covers 
every  part  of  the  surface  of  the  exposed  tissues,  and  forms 
a  curtain  or  cleft  which  allows  for  the  escape  of  such 
fluids  as  may  collect  within  the  wound.  The  drainage 
effected  by  the  salt  pack  is  of  a  similar  character,  supple- 
mented by  the  absorptive  power  of  the  pack  itself  before 
it  becomes  thoroughly  impregnated  with  the  dischai'ges. 

Iniijatioii. 
Continuous  irrigation  has  greatly  lost  in  favour;  it  has 
the  primary  objection  of  inconvenience  to  the  patient, 
while  experience  has  demonstrated  the  difficult)'  of  pre- 
venting the  fluid  from  forming  definite  runlets,  and  con- 
sequently of  ensuring  the  flow  of  the  fluid  employed  over 
the  whole  surface  of  the  wound.  Its  use  has  consequently 
been  more  and  more  restricted ;  and,  except  in  the  form 
of  a  periodical  flush,  irrigation  is  little  employed. 

Batlis. 
Antiseptic  baths  have  also  lost  in  favour  with  the  de- 
velopment of  more  effective  antiseptic  methods.  Bej'ond 
the  obvious  difficulties  of  so  arranging  the  limb  as  to 
avoid  pressure  and  swelling  (a  difflculty,  by  the  way, 
much  diminished  by  the  excellent  form  of  bath  devised  by 
Captain  M.  Donaldson),  the  bath  entails  the  serious  dis- 
advantage, in  dealing  with  a  septic  limb,  of  the  imprac- 
ticability of  preventing  hurtful  movements  of  the  part. 

At  the  present  time  the  most  successful  results  that  are 
being  attained  in  all  forms  of  wound  are  undoubtedly 
those  in  which  the  Carrel- Dakin  method  is  employed. 
This  method  has  not  only  shown  itself  successful  in  the 
early  treatment,  but  also  in  the  later  treatnjent  of  septic 
wounds,  even  in  the  stage  of  chronic  established  suppura- 
tion. It  has  been  definitely  proved  that  simple  flesh  wounds 
dealt  with  during  the  first  twelve  hours  after  infliction  can 
be  rendered  practically  sterile  in  an  average  of  six  days, 
those  dealt  with  later  in  an  average  of  twelve  days,  that 
compound  fractures  may  be  sterilized  within  three  weeks, 
and  that  all  three  classes  of  case  may  be  secondarily 
sutured  and  closed  at  these  dates.  Economy  in  time, 
diminution  in  the  risks  of  secondary  complications, 
increase  in  the  comfort  and  well-being  of  the  patient 
during  treatment,  are  all  ensured  by  the  method. 

It  also  ensures  what  has  become  the  supreme  object 
in  dealing  with  septic  wounds,  the  possibility  of  early 
secondary  suture.  The  importance  of  using  a  bacterio- 
logical test  to  determine  the  date  of  closure  of  the  wound 
cannot  be  too  strongly  impressed  if  anything  like  habitual 
success  is  to  be  attained.  Opportunity  has  not  yet  been 
afforded  for  the  trial  of  the  method  during  a  great  rush  of 
wounded  men,  but  arrangements  have  been  made  to  carry 
it  out  if  possible.  Even  should  this  jirove  impracticable, 
the  system  can  readily  be  carried  out  in  quieter  times  for 
a  very  large  number  of  patients.  It  has  one  obvious 
advantage  over  any  other  method  of  treating  septic 
wounds,  the  production  of  a  thin  supple  scar,  not  likelj'  to 
interfere  with  the  mobility  of  tlie  parts,  or  to  cause  trouble 
by  subsequent  contraction. 

The  alternative  method  of  secondary  closure  (that  of 
Rutherford  Morison')  avoids  the  tedious  process  and  care- 
ful manipulation  essential  to  the  success  of  Carrel's  method, 
saves  much  time  on  the  part  of  both  surgeons  and  nurses. 


and  the  patient  has  not  to  undergo  the  discomfort  of 
repeated  dressings.  Little  experience  has  yet  been  gained 
of  its  suitability  as  a  primary  procedure,  but  in  infected 
suppurating  wounds  it  has  attained  great  success.  It  must, 
however,  be  allowed  that  the  cicatrix  obtained  is  very 
inferior  to  that  which  follows  the  use  of  Carrel's  system, 
from  the  initial  period  onward,  and  the  inclusion  of  particles 
of  bismuth  and  iodoform  has  some  disadvantages,  both 
immediate  and  remote.  One  great  advantage  of  Rutherford 
Morison's  method  is  also  lost  in  the  cases  treated  by  it  in  a 
field  ambulance  or  casualty  clearing  station — the  patients 
must  undergo  transport  with  its  consequent  shaking  and 
disturbance  of  the  w'ound  ;  hence  patients  with  the  slighter 
injuries,  wliose  wounds  have  been  closed  by  this  method 
often  arrive  with  the  composition  escaping  from  a  wound 
in  which  little  or  no  union  has  taken  place,  and  no 
appreciable  benefit  has  been  conferred. 

While  it  may  be  said  fairly  that  the  Listerian  principle 
has  been  more  nearly  attained  by  the  method  of  Carrel 
than  by  any  other  in  use,  and  that  the  results  are  of  a  very 
satisfactory  nature,  yet  it  must  still  be  allowed  that  an 
ideal  antiseptic  medium  remains  to  be  found,  especially 
in  respect  of  consistency  of  strength  and  persistence  in 
action.  In  both  respects  the  bismuth  iodoform  metliods 
offer  some  advantages  to  make  up  for  the  cruder  character 
of  the  cosmetic  results  obtained.  In  France  the  surgeon, 
like  the  modern  Jew,  still  awaits  the  advent  of  the 
Messiah;  perhaps  that  advent  is  near  in  the  person  of 
flaviue.  Meanwhile,  we  rest  in  hope  and  happy  in  the 
firm  belief  that  "  the  stimulus  of  imperfection  taking 
place  immediately  calls  forth  the  action  of  restoration," 
and  the  struggle  is  maintained  to  further  the  great  prin- 
ciple, "the  first  and  great  requisite  for  the  restoration  of 
wounded  parts  is  rest,  as  it  allows  that  action  whicii  is 
necessary  for  repair  to  go  on  without  interruption,"  a 
struggle  which  only  the  military  surgeon  on  active  service 
can  fully  appreciate. 

SECONDARY  HAEMORRHAGE. 

In  the  light  of  modern  surgery  this  accident  has  been 
deplorably  common,  and  tiiough  but  little  new  has 
emerged  from  the  experience  of  the  war,  a  few  remarks 
upon  the  subject  seem  warranted,  the  more  so  in  that  the 
increasing  frequency  with  which  transfusion  of  whole 
blood  has  been  employed  to  counteract  the  effects  of  the 
accident  does  show  some  advance  in  treatment. 

As  a  manifestation  of  septic  infection,  it  is  obvious  that 
improved  methods  of  wound  treatment  offer  the  best 
chance  of  reducing  the  frequency  of  secondary  haemor- 
rhage, and  it  may  be  confidently  stated  that  with  the 
development  of  more  satisfactory  methods  the  accident 
has  become  less  common.  Still  it  must  be  recognized  that 
in  dealing  with  gunshot  wounds  we  are  likely  to  be  of 
necessity  limited  to  the  process  of  secondary  sterilization 
of  an  infected  wound;  further,  that  we  staud  in  the  face 
of  a  variety  of  wound  in  which  incomplete  primary  lesions 
of  the  blood  vessels  are  more  common  than  in  anj'  other. 
The  eventual  perforation  of  the  vessel  wall,  therefore,  is  up 
to  a  certain  date  more  commonly  the  result  of  the  separa- 
tion of  a  slough  of  primarily  devitalized  tissue  than  due 
to  the  extension  of  a  process  of  ulceration  from  without. 

One  or  two  special  features  may  be  emphasized  in  con- 
nexion with  secondary  haemorrhage  from  gunshot  wounds. 
It  may,  of  course,  occur  from  any  large  vessel,  or  in  old 
to.xaemic  or  septicaemic  subjects  it  may  be  of  the  paren- 
chymatous variety.  Given  this  generalization,  however, 
we  find  that  certain  vessels  are  much  more  commonly  the 
source  of  bleeding  than  others.  The  localization  is  deter- 
mined by  the  degree  of  fixation  of  the  vessel  and  the  firm- 
ness of  the  bed  upon  which  it  lies.  Thus  the  circumflex 
branches  of  the  axillary  artery,  the  subscapular  or  posterior 
scapular  vessels  in  proximity  to  the  scapula,  the  gluteal 
artery,  the  articular  branches  of  the  popliteal  artery,  the 
circumflex  branches  of  the  profunda  femoris,  the  femoral 
artery  in  the  lower  part  of  Hunter's  canal,  and  the  anterior 
tibial  artery  as  it  lies  on  the  interosseous  membrane,  are  all 
common  sites,  and,  it  may  be  also  remarked,  troublesome 
ones  in  which  to  deal  comfortably  with  the  injured  vessel. 
Another  peculiarity  is  the  comparative  frequency  with 
which  large  trunks  in  mobile  positions,  such  as  Scarpa's 
triangle,  may  escape  damage  by  displacement  and  lie 
exposed  on  the  surface  of  a  large  open  wound.  Such 
vessels  may  not  infrequently  have  suftered  contusion  with 
consequent  thrombosis.  «. 
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As  to  the  general  ti-catnient  o£  those  injured  vessels, 
little  new  has  been  evolved;  direet  local  ligature,  pro- 
longed forcipressure,  or  at  the  last  extremity  local  plugging, 
are  still  the  means  on  which  the  surgeon  must  depend. 
On  rare  occasions,  as  an  emergency  measure,  a  proximal 
ligature  may  be  applied,  but  this  is  rarely  successful  and 
often  harmful.  A  single  exception  to  this  rule  must  be 
allowed  in  the  case  of  uncontrollable  haemorrhage  from 
wounds  of  the  gluteal  region  ;  here  in  several  instances 
ligature  of  either  the  internal  iliac  artery  or  its  posterior 
trunk  has  proved  a  successful  measure. 

The  proper  method  of  treatment  of  an  exposed  arterial 
trunk,  whether  thrombosed  or  not,  has  opened  up  a  ques- 
tion upon  which  the  civil  surgeon  rarely  has  to  form  a 
decision.  It  may  be  broadly  stated  that  the  line  of  treat- 
ment depends  mainly  upon  the  degree  of  septicity  of  the 
wound  of  the  surrounding  soft  jiarts.  If  the  arterial  coats 
are  not  seriously  damaged  and  the  wound  be  in  a  con- 
dition likely  to  respond  to  antiseptic  treatment,  an  expec- 
tant attitude  should  be  assumed  if  the  vessel  be  pervious. 
If,  on  the  other  hand,  the  artery  is  thrombosed,  the  right 
course  is  to  place  ligatures  botli  above  and  below  the 
obliterated  portion  of  the  vessel,  because  such  arterial 
thrombi  in  any  case  result  in  permanent  occlusion,  while 
in  many  instances  the  vessel  may  give  way  at  the  limits 
of  the  clot,  a  solid  cylinder,  like  a  pencil,  coming  away 
with  great  risk  of  haemorrhage ;  beyond  this  the  clot 
provides  a  possible  source  of  a  peripheral  embolus. 

As  to  the  general  treatment  of  patients  in  whom  a 
secondary  haemorrhage  has  occurred,  internal  styptics 
such  as  calcium  lactate  have  proved  useless.  This  is 
easily  intelligible  in  the  ease  of  the  larger  vessels,  for  in 
such  a  more  or  less  rounded  opening  is  usually  present, 
the  occlusion  of  which  by  a  mural  clot  is  of  no  more  than 
very  temporary  use,  while  a  local  thrombus  obstructing 
the  whole  lumen  is  unlikely  to  form.  Even  in  cases  of 
the  parenchymatous  variety  internal  remedies  have  proved 
useless. 

The  main  advance  in  treatment  has  consisted  in  a  return 
to  the  practice  of  transfusion  of  "  whole  blood,"  which  has 
in  great  measure  displaced  the  unsatisfactory  saline  infu- 
sion. For  the  popularization  of  this  method  we  are  mainly 
indebted  to  our  Canadian  colleagues  in  France.  Several 
methods  have  been  employed — the  Kimpton  tube,  the 
Unger  two-way  stopcock,  direct  connexion  of  the  radial 
artery  of  the  donor  with  the  vein  of  the  recipient  by  a 
paraffin-coated  rubber  tube  provided  with  silver  canuulae 
at  either  end,  the  employment  of  a  series  of  Record 
syringes,  or  the  citrated  method. 

Papers  have  been  written  on  this  subject  by  E.  Archibald,- 
Li.  Bruce  Robertson,'  A.  Fullerton,  O.  Oreyer,  and  H.  C. 
Bazett.-*  The  number  of  cases  published  is  not  large  ;  the 
latter  authors  include  nineteen  with  eight  recoveries.  A 
large  number  of  patients  have,  however,  been  treated  over 
the  whole  army  area,  and  a  generally  favourable  opinion 
as  to  the  results  has  been  established.  It  must  be  re- 
membered also  that  a  very  unpromising  type  of  ease  has 
often  been  selected.  Generally  speaking,  the  good  results 
have  been  obtained  in  cases  of  pure  anaemia ;  when  the 
anaemia  has  depended  in  part  on  haemorrhage,  in  part  on 
septic  infection,  the  procedure  has  not  been  satisfactory. 
Again,  it  has  been  more  frequently  successful  as  a  measure 
in  primary  than  in  secondary  haemorrhages. 

Military  conditions  have  allowed  small  opportunity  for 
preliminary  haemolytic  tests  applied  to  either  donor  or 
recipient,  but,  when  practicable,  a  small  preliminary  trans- 
fusion of  10  c.cm.  of  the  donor's  blood  has  been  made  the 
day  previous  to  the  main  procedure ;  accidents  due  to 
haemolytic  reaction  have  not,  however,  been  common.  In 
one  case,  uuc'er  the  observation  of  the  writer,  the  patient 
passed  highly  blood-stained  urine  fertile  succeeding  thirty- 
six  hours,  but  he  I'ecovered  with  no  further  bad  symptom. 
In  a  few  others  alarming  symptoms  have  passed  off  with 
no  further  result  when  the  transfusion  was  discontinued,  and 
two  patients  have  probably  died  as  a  direct  result  of  the 
treatment.  Ill  effects  have  not  been  suffisiently  numerous, 
however,  to  raise  the  question  of  justifiability  in  the 
desperate  cases  for  which  the  procedure  is  undertaken. 

GAS  GANGRENE. 

This  complication  has  been  already  dealt  with,  as  it  is 

met  with  in   the  field  ambulances  and  casualty  clearing 

stations.     Naturally  the  most  acute  cases  do  not  reach  the 

hospitals  on    the    lines   of    communication,  and   of    late, 


coincideutly  with  the  development  of  the  clearing  station 
accommodation  and  the  general  acceleration  of  the  trans- 
port of  patients  consequcut  on  a  shorter  and  ijuicker 
journey,  fewer  cases  of  the  most  .serious  nature  arrive. 
None  the  less,  the  insidious  manner  in  which  the 
process  starts,  the  rapidity  with  which  it  spreads,  and 
the  tendency  which  exists  for  delay  in  its  development,  all 
tend  to  maintain  a  constant  supply  of  cases  to  the  general 
hospitals. 

Some  early  conceptions  of  the  disease  have  under- 
gone considerable  modilication  ;  thus  it  was  assumed,  in 
consequence  of  the  frequency  with  which  the  limbs  are 
attacked  and  the  fact  tliat  extension  from  the  limbs  to  the 
trunk  is  commonly  confined  to  the  subeutancous  tissues, 
that  the  trunk  itself  was  seldom  primarily  affected.  More 
extensive  observation  has  shown  the  fallacy  of  that 
assumption,  and  it  is  now  well  known  that  the  contents  of 
the  cranial  cavity,  the  pleurae,  the  pericardium,  the  peri- 
toneum, the  retroperitoneal  tissue,  and  the  muscular 
planes  of  the  trunk  are  all  attacked  with  varying  degrees 
of  frequency.  The  injplication  of  the  great  body  cavities, 
however,  offers  some  special  features ;  thus  the  infection  is 
usually  primarily  of  effused  blood  or  blood  clot,  and  in 
consequence  of  the  resistance  of  freshly  effused  blood  to 
the  growth  of  the  organisms,  the  exacerbation  of  symptoms 
is,  as  a  rule,  retarded  for  several  days,  or  even  a  longer 
period.  The  symptoms  in  such  cases  offer  a  remarkable 
resemblance  to  those  of  a  sudden  internal  secondary 
haemorrhage,  a  fact  that  in  early  days  sometimes  led  to 
confusion. 

Another  question  which  is  at  present  undetermined  is 
the  relative  frequency  with  which  patients  die  from  a  pure 
toxaemia,  or  of  an  actual  septicaemia.  The  number  of 
instances  in  which  organisms  have  been  observed  in  or 
cultured  from  the  blood  is  relatively  few,  a  remarkable  fact 
considering  the  rapidity  with  which  the  entire  vascular 
system  is  invaded  after  ileatli.  Certain  observations,  how- 
ever, beyond  those  made  upon  the  blood  afford  definite 
evidence  that  at  an  early  stage  a  general  infection  is  not 
uncommon.  It  was  remarked  at  Boulogne  in  an  early 
stage  of  the  campaign  that  certain  patients  arriving  with 
gaseous  cellulitis  of  the  limbs  had  at  the  same  time  local 
patches  upon  the  trunk  or  arms  at  the  sites  of  previous 
punctures  for  the  injection  of  tetanus  antitoxin,  or  even 
morphine  injections ;  further,  that  similar  phenomena 
might  follow  the  introduction  of  a  saline  infusion.  .Again, 
cases  were  observed  in  which  gas  was  voided  with  the 
urine,  and  in  one  of  these  a  culture  of  B.  perfrinijens  was 
made  from  the  urine.  Further,  a  less  striking  occurrence, 
as  the  tendency  of  these  infections  to  cause  local  throm- 
bosis is  well  known,  a  certain  proportion  of  the  patients 
developed  metastatic  deposits  in  other  parts  of  the  body. 
It  mav  be  observed  that  one  of  the  most  common  seats  of 
these  latter,  the  opposite  buttock,  is  not  always  free  from 
the  suspicion  of  being  a  direct  extension. 

In  other  cases  the  rapidity  of  the  process  suggested  a 
pure  toxaemia,  and  some  support  to  this  view  is  found  in 
the  rapidity  with  which  the  limbs  in  some  cases  enlarge 
from  a  toxic  oedema  independently  of  the  presence  of  gas. 
Major  Rowland  found  that  the  filtered  fluid  from  such 
cases  caused  general  oedema  and  death  in  a  few  hours 
when  injected  into  rabbits  or  guinea-pigs  independently  of 
the  presence  of  any  organisms,  and  was  working  on  this 
subject  at  the  time  of  his  death. 

The  factors  determining  the  mode  and  rapidity  of 
extension  of  the  process  have  also  given  rise  to 
much  interest.  Certain  facts  appear  to  definitely  favour 
the  view  that  the  process  is  a  true  cellulitis,  although 
the  frequency  and  extent  to  which  the  muscles  suffer 
has  led  some  observers  to  speak  of  the  anaerobes 
giviag  rise  to  the  condition  as  muscle  feeders.  It  may 
be  premised  that  the  organisms  concerned  can  establish 
no  footing  in  the  body  in  the  absence  of  either  dead 
tissue  or  some  foreign  body,  and,  this  fact  granted,  it  is 
obvious  that  the  localization  of  the  dead  matter  will  corre- 
spond with  the  commencement  of  the  process.  Since  the 
establishment  of  the  fact  by  Major  Curtis  Webb,^  that 
j-ra}' examination  allows  the  determination  of  the  presence 
of  gas  in  the  tissues,  this  method  of  examination  has  been 
widely  employed  as  a  means  of  diagnosis,  and  the  examina- 
tion of  an  entire  limb  by  this  method  (Major  Littler  Jones) 
affords  some  striking  information.  If,  for  instance,  the 
quadriceps  muscle  of  the  thigh  has  been  wounded,  the  gas 
may  invade  the  entire  muscle,  but  the  extension  will  be 
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seen  to  follow  the  course  of  the  gi-oat  vascular  cleft  to  the 
leg  and  even  the  foot,  being  localized,  in  the  early  stage  at 
least,  to  the  cellular  tissue.  Again,  clinically,  the  extension 
of  gas  from  the  upper  to  the  lower  part  of  the  thigh  may 
sometimes  be  evidenced  by  a  characteristic  elongated 
swelling  following  the  course  of  the  vessels.  Then,  with 
regard  to  the  intimate  structure  of  the  muscle  itself,  the 
separation  of  the  individual  fibres  appears  to  indicate  a 
similar  process. 

The  rapidity  with  whicli  tlie  cellulitis  spreads  and 
destruction  is  caused  appears  to  depend  on  the  one  hand 
on  the  tension  in  the  special  area  affected,  and  possibly  on 
the  virulence  of  the  organism  or  group  of  organisms  con- 
cerned ;  on  the  other,  on  the  degree  of  interference  with 
the  vascular  supply  either  by  the  original  damage  or  by 
subsequent  thrombosis  of  the  vessels  concerned.  Captain 
Bashford^  has  dealt  with  both  these  questions.  The 
clinical  observation  of  the  rapid  development  of  massive 
gangrene  in  a  limb  subsequently  to  the  ligature  of  the 
main  artery,  or  again  tlie  rapid  death  of  that  part  of  a 
long  muscle  cut  off  from  its  arterial  supply,  is  common 
enough. 

As  to  the  actual  organisms  or  combination  of  organisms 
responsible  for  the  gangrene  in  its  special  forms,  which 
may  determine  either  the  soft  oedematous  limb  or  the 
tight  drum-like,  or  theemphysematous  varieties,  no  definite 
knowledge  exists.  Captain  Henry  has  furnished  a  short 
summary  (printed  at  page  806)  of  the  important  series  of 
observations  carried  out  by  himself  on  the  organisms 
concerned. 

Another  point  of  interest  in  this  relation  not  cleared  up 
is  the  absence  of  knowledge  as  to  what  determines  the 
rapid  haemolysis  in  one  case  accompanied  by  the  develop- 
ment of  more  or  less  intense  jaundice,  while  other  patients 
prese'nt  merely  the  appearance  of  extreme  anaemia  before 
death.  Generally  speaking,  the  anaemic  patients  are  those 
that  die  most  rapidly,  and  the  difference  may  depend 
simply  on  time,  since  the  characteristic  brilliant  orange- 
coloured  discharge  from  the  wound  met  with  in  mixed 
infections  is  rarely  observed  before  the  third  or  fourth 
day.  The  actual  deficiency  in  the  volume  of  blood  in 
the  cases  of  rapidly  fatal  issue  is  indicated  by  the  low 
tension  of  the  pulse  as  determined  by  palpation,  and  a  loud 
knocking  sound  in  the  great  arterial  trunks,  which  gains 
the  same  intensity  as  it  does  in  many  patients  dying  from 
pure  haemorrhage,  and  consequent  fall  in  the  diastolic 
pressure. 

Such  advance  in  methods  of  treatment  as  has  been  made 
rests  entirely  on  the  knowledge  of  the  danger  of  leaving 
dead  infected  tissue  or  foreign  bodies  in  the  wound,  and 
the  necessity  of  relieving  all  tension  in  the  structures 
affected ;  thus  the  knife  is  still  our  only  aid.  In  making 
incisions  for-  the  relief  of  this  form  of  cellulitis  it  may  be 
remembered  that  size  is  of  minor  subsequent  importance, 
provided  the  incisions  are  so  planned  as  to  avoid  important 
structures  and  to  allow  of  subsequent  secondary  closure. 
The  latter  is  of  special  importance  since  the  wounds 
infected  by  anaerobes  often  rapidly  clean,  and  form  some 
of  the  best  for  secondary  closure  at  a  comparatively  early 
date. 

Where  amputation  is  indicated,  the  one  principle  to  be 
adhered  to  consists  in  the  maintenance  of  an  open  stump. 
It  lias  been  found  that  under  these  conditions,  even 
where  the  amputation  has  been  made  through  oedematous 
tissue,  the  latter  drains  freely  and  no  further  extension 
takes  place.  Beyond  this,  oedematous  connective  tissue, 
especially  that  of  the  green  variety,  is  often  found  to  be 
sterile,  hence  the  inadvisability  of  interfering  with  it, 
particularly  around  the  vessels  and  nerves,  and  thus 
opening  up  the  planes  of  the  limb  to  further  infec- 
tion. 

Sir  Almi'oth  Wright,'  in  a  paper  on  the  conditions  which 
govern  the  growth  of  the  bacillus  of  gas  gangrene  in 
artificial  culture  media,  in  the  blood  fluids  m  vitro,  and  in 
the  dead  and  living  organism,  has  made  the  suggestion 
that  intravenous  injections  of  sodium  bicarbonate  may 
prove  a  means  of  combating  the  toxaemia,  and  gives  short 
details  of  six  patients  treated  by  this  method,  of  whom 
two  survived.  He  assumes  that  in  the  treatment  of  the 
so-called  "gas  gangrene  infections  of  man"  he  was 
dealing  essentially  with  the  same  phenomena  as  those 
ob.5erved  in  certain  laboratory  experiments  which  showed 
that  the  bacillus  of  Welch,  when  grown  in  vitro  in  serum, 
diminishes    the    autitryptic   power   of    the   medium   and 


renders  it  acid,  thus  converting  the  serum  into  a  pre- 
eminently favourable  medium  for  the  growth  of  the 
bacillus.  Experiments  on  the  blood  in  the  dead  body 
showed  that  it  is  these  chemical  changes  which  furnish 
the  conditions  required  for  the  avalanche-like  progress  of 
the  bacterial  infection.  Finally,  experimeuts  on  living 
animals  showed  a  reduction  in  the  alkalinity  of  the  fluids, 
taken  from  the  focus  of  infection,  and  a  reduction  in  that; 
of  the  circulating  blood — also  an  increase  in  the  auti- 
tryptic power  of  the  blood,  combined  with  a  diminished 
or  abolished  autitryptic  power  in  the  infected  tissues. 

In.his  investigations  of  the  disease  in  human  subjects 
he  found  the  same  high  autitryptic  response  in  the  circu- 
lating blood  and  the  reduced  or  abolished  autitryptic  power 
in  the  infected  tissues  or  infected  effusions,  combined  with 
diminished  alkalinity  of  both  tissues  and  effusions — thus, 
a  local  acidosis  but  also  an  acidaemia,  the  latter  being 
found  when  an  infection  has  culminated  in  "  gas  gangrene 
toxaemia." 

TETANUS. 
Tetanus,  the  terrible  scourge  which  gave  rise  to  so  great 
anxiety  in  the  autumn  and  early  winter  of  1914,  has  become 
a  comparatively  infrequent  wound  complication  since  the 
adoption  of  prophylactic  injections  of  antitoxin  in  all  cases 
of  wounds  and  in  cases  of  "  trench  foot  "  accompanied  by 
vesication.  Nevertheless  cases  still  occur,  in  some  instances 
because  the  primary  injection  has  been  given  late  as  a 
result  of  the  patient  not  being  able  to  be  "collected  '  from 
the  zone  of  tire,  a  few  men  escape  treatment  as  a  conse- 
(juence  of  the  number  of  wounded  nee'diug  to  be  dealt  with 
after  a  serious  engagement,  and  special  idiosyncrasy  may 
account  for  others.  Xt  au  early  date  it  was  also  recognized 
that  the  protective  influence  of  the  antitoxm  is  often 
exhausted  at  the  end  of  eight  or  ten  days ;  hence  a  general 
order  was  given  to  the  effect  that  the  injections  should 
be  repeated  at  intervals  of  seven  days  in  all  cases  of  .serious 
wound  and  to  patients  whose  wounds  were  not  progressing 
well. 

The  cases  met  with  include  every  degree  and  variety  of 
the  disease.  Thus  very  acute  cases  with  general  spasms, 
slight  cases  in  which  trismus  is  the  main  feature,  cases  of 
"  head  tetanus,"  either  of  the  paralytic  class  or  with  clonic 
spasms  of  the  muscles  of  mastication,  splanchnic  tetanus, 
local  tetanus  of  the  limbs,  sometimes  remaining  confined  to 
the  wounded  member,  in  others  becoming  general,  and 
cases  of  the  so-called  delayed  class.  In  one  remarkable 
instance  of  the  last  variety  the  patient,  who  had  been  sent 
to  England  in  .August  with  a  small  wound  of  the  buttock, 
at  the  bottom  of  which  was  a  small  retained  foreign  body, 
returned  to  duty  two  months  later.  When  on  duty  in  the 
trenches  stiffness  of  the  corresponding  limb,  at  first 
ascribed  to  sciatica,  developed,  and  later  general  tetanic 
symptoms.  Active  treatment  with  antitoxin  was  followed 
by  an  uninterrupted  recovery. 

.Accumulated  experience  has  negatived  the  utility  of 
treatment  with  carbolic  acid  or  magnesium  sulphate,  both 
of  which  remedies  were  vaunted  in  the  early  stages  of  the 
campaign.  Curative  treatment  by  antitoxin  is  still  upon 
its  trial,  and  considerable  differences  of  opinion  exist  both 
as  to  its  utility  and  as  to  which  route  should  be  chosen  for 
its  exhibition.  The  subcutaneous  route  is  generally  con- 
sidered unsatisfactory  on  account  of  the  delay  in  con- 
veyance of  the  antitoxin  to  the  required  area;  hence, 
although  generally  chosen  for  prophylactic  purposes,  its 
use  as  a  method  of  curative  treatment  is  restricted  to  an 
auxiliary  rule.  The  intermuscular  route  has  found  more 
favour,  although  its  efficacy  is  doubted  by  many.  The 
intravenous  route  has  not  been  shown  to  be  specially 
efficacious,  and  as  accidents  of  au  anaphylactic  character 
have  followed  its  use  it  has  been  practically  abandoned. 
The  general  applicability  of  the  intrathecal  route  is  still 
under  discussion;  the  chief  objection  to  its  use  lies  in  the 
large  quantity  of  serum  which  requires  to  be  introduced 
and  the  comparatively  serious  nature  of  the  procedure 
itself  if  repeated  injections  are  made.  In  some  cases  a 
definite  disturbance  of  the  intracranial  pressure  appears  to 
result,  and  in  some  local  inflammatory  changes  in  the 
spinal  theca  have  occurred.  In  spite  of  these  objections 
the  intrathecal  method  has  been  very  largely  employed, 
and  a  trial  is  now  being  made  of  a  highly  concentrated 
antitoxin. 

The  prognosis  has  depended  in  individual  cases  on  the 
length  of  the  incubation  period,  and,  in  spite  of  treatment, 
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tlie  inoi-tality  lias  i-cinaiiieil  above  70  ]icv  coat,  of  all  cases 
treated.  Syniptoniatic  treatment  by  chloral  anil  inoipliiiie, 
])ai'ticiilaily  tlu;  foi-niei-,  lias  retained  its  cliaractef  both  in 
the  relief  of  suffering  and  as  cnrative,  in  so  far  as  it  tends 
to  delay  exhaustion  dependent  on  the  spasms. 

OTHER  \YOTTND  INFECTIONS. 
Little  new  can  be  said  regarding  the  remaining  forms  of 
wonnd  infection,  but  it  may  be  generally  stated   that  the 
antiseptic   sohitions   depending    upon    chlorine    for   their 
active  element  have  proved   the  most  successful  applica- 
tion.    One  form  of  streptococcus  infection  deserves  special 
mentiou    as    possibly    corresponding    to    the    variety    of 
"  classical    hospital   gangrene "   described    as    the    mem- 
branous.    Cases  of  this  nature  have   not   been   common, 
although  sufficiently  so  to  have  become  fauiiliar.     A  wound 
which  lias  previously  been  apparently  progressing  favour- 
ably becomes  covered  with  a  dense  grey  tough  membrane, 
firmly   adherent   to   the  subjacent   granulations.     In    the 
earliest  stage  this  membrane  does    not  materially  differ 
from   the   thin   layer   of   coagulated   fibrin    and   included 
leucocytes   which   not     uncommonly   forms    in    cases    of 
streptococcic  infection  which  after  a  time  fail  to  respond 
to  treatment.     The  same  cessation  of  free  discharge  from 
the  wound  surface  is  observed,  a  condition  well  described 
by  Colonel  Sir  Almroth  Wright  as  "  lymph  bound."     The 
membrane  then  thickens  so  as   to   resemble   one   of   the 
diphtheritic  class;  in  fact  strong  suspicion  was  aroused  in 
the  earlier  stages  of  the  war  that  the  change  was  due  to  a 
diphtheritic  infection.      Bacteriological  examination  has, 
liowever,  in  all  cases  resulted  in  the  discovery  of  strepto- 
cocci alone.     With  tlie  development  of  the  membrane   a 
continuously  increasing  hard  white  oedema  spreads  up  the 
limb  or  on  to  the  trunk,  the  patient  meanwhile  suffering 
with   pronounced  signs  of   toxaemia.      Incisions  into  the 
oedematons  area  give  rise  only  to  the  escape  of  a  small 
amount  of  serous  discharge,  and  the  tension  wounds  tend 
to  dry  up  with  little  change.     Amputation  is  usually  fol- 
lowed by  a  recurrence  of  the  same  type  of  wound  surface, 
and  the  patient  dies  in  from  four  days  to  a  week's  time 
after   the  commencement  of   the  process.     No  successful 
method   of    dealing   with    this    special    form    of    wound 
infection  has  been  devised. 


Septicaemia. 
The  most  common  form  has  been  in  connexion  with 
streptococcal  infections.  It  cannot  be  said  that  any 
advance  has  been  made  in  the  treatment  of  this  condition. 
Encouraged  by  the  results  published  by  Messrs.  Fraser  and 
Bates'  in  dealing  with  some  acute  general  infections,  and 
the  work  of  Lorrain  Smith  and  his  colleagues,  a  more  or 
less  extended  trial  has  been  made  of  intravenous  injections 
of  hypochlorous  acid  in  the  form  of  eusol,  but  no  satis- 
factory results  have  been  obtained.  The  same  remark 
obtains  to  a  more  limited  trial  with  colloid  chloride  of 
gold.  The  work  of  Dakin  has  shown  that  the  antiseptic 
jjower  of  injections  of  ensol  must  be  small  in  consequence 
of  the  "minute  amount  of  the  antiseptic  in  proportion  to 
the  volume  of  the  patient's  blood.  If  either  this  solution 
or  that  of  chloride  of  gold  can  effect  any  useful  purpose,  it 
is  probably  only  by  exciting  as  irritants  a  certain  degree  of 
activity  in  the  endothelial  lining  of  the  blood  vessels,  and 
in  neither  case  has  this  proved  sufficient  to  serve  the 
purpose  aimed  at  of  sterilizing  the  blood. 

IN.JURIES  TO  THE  GREAT  VESSELS. 

The  dangerous  nature  of  injuries  to  the  great  vascular 
trunks  has  been  amply  demonstrated  by  the  fact  that, 
except  one  or  two  injuries  to  the  innominate  vessels,  tlie 
subclavian  artery  in  the  thoracic  part  of  its  course,  and 
possibly  a  few  iliac  (although  the  writer  has  seen  none  of 
the  latter  amongst  over  300  carefully  examined  cases  of 
injuries  to  the  larger  arteries),  injuries  to  the  vessels  of 
the  trunk  have  been  conspicuous  by  their  absence  on  the 
lines  of  communication. 

.\  considerable  experience  has  been  gained  regarding 
the  effects  of  contusion  of  the  vessels,  which  has  in  the 
main  substantiated  the  Fx-ench  pre-war  experimental 
observations.  .-\t  the  same  time,  the  occurrence  of  single 
simple  linear  fissures  of  the  iutima  has  been  a  more 
common  form  of  lesion  than  one  would  have  been  led  to 


expect.  The  chief  importance  of  these  lesions  has  been 
in  connexion  witli  secondary  haemorrhage,  to  which 
allusion  has  already  been  made,  and  in  the  frequency 
with  which  the  injury  is  followed  liy  thrombosis.  Several 
instances  of  suhse(juent  embolism  have  been  observed,  this 
particularly  in  the  case  of  the  cervical  vessels,  where 
cerebral  embolisms  are  readily  detected  as  a  con.se(iuence 
of  tl)C  obvious  signs  with  which  blockage  of  the  cerebrsU 
vessels  is  attended.'"  "  This  experience,  combined  with 
that  of  similar  accidents  occurring  in  connexion  with 
actual  wounds  of  the  vessels,  raises  the  question  of  how 
great  a  proportion  of  tho  instances  of  gangrene  of  the 
extremities  following  injuries  to  the  vessels  of  the  limbs, 
either  spontaneous  or  following  ligature,  is  due  solely  to 
the  local  occlusion  of  the  main  vessel.  It  seems  likely,  if 
all  these  cases  could  be  thoroughly  investigated,  that 
embolism  in  the  distal  circulation  plays  a  more  important 
part  than  has  hitherto  been  accorded  to  it,  since  several 
observations  have  been  made  of  its  occurrence. 

The  fre(iuency  with  which  various  forms  of  missile  have 
been  employed  has  been  followed  by  considerable  change 
in  the  nature  of  the  lesions,  the  highly  contused  lateral 
wound  of  the  artery,  and  the  clean  perforation  made  by 
the  modern  bullet,  have  of  late  been  less  in  evidence  than 
extensive  lateral  lacerations  and  more  or  less  liriiited 
lateral  perforations  caused  by  fragments  of  shells  or  minute 
fragments  derived  from  bombs.  Occlusion  of  wounds  of 
the  vessels  by  retained  shell  fragments,  the  removal  of 
which  has  been  followed  by  free  haemorrhage,  has  not 
been  rare.  On  the  other  hand,  instances  of  missiles  enter- 
ing and  travelling  along  the  blood  vessels  has  rarely  been 
observed.  The  most  striking  instances  have  been  those 
in  which  shrapnel  balls  have  obtained  entrance  to  the 
heart  or  large  veins  of  the  trunk  and  travelled  downwards 
by  gravitation.  The  most  interesting  feature  of  these 
cases,  observed  also  in  some  wounds  of  the  inferior  vena 
cava,  is  the  moderate  degree  of  primary  haemorrhage 
which  had  taken  place. 

Wounds  of  the  great  vessels  arrive  in  the  hospitals  on 
the  lines  of  communication  usually  some  days  after  their 
infliction,  but  a  considerable  proportion  may  arrive  at 
an  earlier  date  in  consequence  of  the  absence  of  primary 
haemorrhage,  or  the  coexistence  of  some  more  serious 
or  more  easily  recognized  injury  having  allowed  thern  to 
be  overlooked.  This  is  especially  the  case  in  multiple 
bomb  or  shell  injuries,  where  one  out  of  twenty  small 
wounds  produced  by  as  many  fragments  widely  distributed 
over  the  whole  body  may  have  implicated  au  artery;  or  in 
the  case  of  severe  fractures  of  the  long  bones,  accompanied 
by  great  swelling  of  the  soft  parts. 

The  result  of  this  experience  has  been  greatly  to  widen 
the  scope  of  the  stethoscope  in  the  diagnosis  of  arterial 
injuries,  since  auscultation  will  often  reveal  the  presence 
of  the  pathognomonic  systolic  bruit,  when  the  absence  of 
local  pulsation  in  the  swollen  area  and  the  presence  of 
pulsation  in  the  distal  arterial  circulation  may,  if  depended 
upon  alone,  lead  to  a  serious  error  in  diagnosis.  Further, 
it  has  been  observed  that  the  local  vascular  bruits  may,  in 
some  third  of  the  whole  number  of  injuries  to  arteries  of 
the  lower  extremity,  and  less  frequently  in  other  vessels,  be 
conveyed  to  the  cardiac  area,  and  distant  vascular  lesions 
have  in  some  cases  been  detected  by  the  presence  of  the 
apparently  cardiac  murmur.'-  This  phenomenon  is  ob- 
served both  in  pure  arterial  and  arterio-venous  injuries. 
It  has  also  been  observed  that  the  distal  blood  pressure  of 
the  limb  is  materially  lowered  in  the  presence  of  a  lateral 
arterial  lesion — in  fact,  practically  to  the  same  degree  as  if 
the  main  vessel  has  been  occluded. 

As  a  consequence  of  the  period  at  which  arterial  injuries 
reaoli  the  hospitals  on  the  lines  of  communication  the 
treatment  has  been  for  the  most  part  expectant,  the  large 
majority  of  the  patients  being  evacuated  to  the  base  in 
England.  The  importance  of  rest  in  allowing  subsidence 
of  tlio  general  circulatory  excitement,  and  the  consolidation 
of  the  aneurysmal  tumour,  has  been  obvious.  It  is  also 
held  that  during  this  period  the  enlargement  of  the 
collateral  circulation  makes  some  progress.  Some  evidence 
in  favour  of  this  view  is  offered  by  the  fact  that  the 
nutrition  of  the  limb  is  not  observed  to  suffer  during  this 
period,  while  wasting,  sometimes  of  a  rapid  character, 
often  follows  the  performance  of  necessary  ligation. 

.Accidents  during  this  probationary  period  have  not  been 
common:  gangrene  has  been  rare;  secondary  haemorrhage 
uncommon,    unless   the   wounds    were    large    and    badly 
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infected;  and  suppui-ation  of  tlie  aueurysm  has  been  au 
accident  of  extreme  iufroiiucncy. 

Active  treatment  lias  consisted  in  the  main  of  ligature 
ef  the  vessels.  This  has  been  indicated  for  extension  of 
the  blood  effusion  within  the  limb,  secondary  haemor- 
rhage, signs  of  pressure  on  the  trunk  by  increasing  size 
and  firmness  of  the  false  aneurysmal  sac,  or  signs  of 
inflammation.  When  the  hospital  accommodation  has 
allowed  a  sufficiently  long  stay  a  certain  number  of  cases 
have  been  operated  upon  in  the  absence  of  any  untoward 
symptoms. 

For  purely  arterial  injuries,  ligature  of  the  vessel  above 
and  below  tlie  wounded  spot  has  been  the  most  common 
operation.  In  a  number  of  these  cases  the  main  vein  has 
been  found  to  be  thrombosed,  but  this  accident  has  not 
liad  any  adverse  influence  on  the  result.  The  same  state- 
ment may  be  made  as  to  the  results  observed  when  co- 
existing wound  of  the  vein  has  made  it  obligatory  to  tie 
both  vein  and  artery,  or  in  the  cases  wdiere  the  main  vein 
had  already  suffered  complete  division  and  occlusion.  The 
same  experience  has  followed  ligature  of  both  artery  and 
vein  above  and  below  the  communicating  channel  in 
arterio-venous  aneurysms  or  aneurysmal  varices.  Hence 
it  has  been  claimed '■'that  simultaneous  occlusion  of  both 
artery  and  vein  is  a  negligible  occurrence  with  regard  to 
any  increase  of  risk  to  the  vitality  of  the  limb.  Further, 
that  insomuch  as  a  better  balance  is  maintained  between 
the  arterial  and  venous  elements  of  the  collateral  circula- 
tion, and  the  blood  pressure  within  the  limb  increased,  the 
operation  is  preferable  to  that  confined  to  the  wounded 
artery  alone. 

In  certain  vessels — for  example,  common  carotid, 
common  femoral,  popliteal — after  ligature  of  which  acute 
local  anaemia  and  gangrene  is  specially  liable  to  follow, 
a  limited  trial  has  been  made  of  Tuffier's  tubes  to  main- 
tain temporarily  the  main  current  pending  the  increase 
of  the  collateral  circulation.  In  a  small  series  of  eight 
cases  (common  carotid  1,  axillary  1,  femoral  2,  popliteal  4) 
in  which  this  method  was  used,  in  no  instance  did  gangrene 
take  place.  In  one  femoral  case,  in  which  the  tibial  pulses 
were  absent  at  the  time  of  operation,  feeble  pulsation 
returned  and  persisted  for  a  few  hours,  and  in  the  second 
the  foot,  which  had  been  cold,  at  once  became  warmer  and 
remained  so.  t^ucli  evidence  as  has  been  obtained,  however, 
does  not  suggest  that  the  maintenance  of  the  main  current 
persisted  more  than  a  few  liours,  and  the  clots  expressed 
from  the  tubes  when  removed  on  the  fourth  day,  although 
firm  in  comparison  with  the  terminal  projecting  into  the 
proximal  end  of  the  vessel,  did  not  suggest  a  very  gradual 
formation.  Moreover,  in  one  of  the  popliteal  cases,  in 
which  it  would  have  been  difficult  to  place  a  ligature  on 
the  lower  end  of  the  artery,  it  was  not  found  necessary  to 
do  so,  as  the  vessel  was  closed  by  a  firm  thrombus.  Such 
experience  as  has  been  gained  is,  however,  definitely  in 
favour  of  a  more  extended  trial  of  this  method. 

Suture  of  the  vessels,  either  end-to-end  or  lateral,  has 
been  employed  only  in  few  cases.  At  the  period  during 
which  the  patients  are  still  in  the  hospitals  on  the  lines  of 
communication  the  vessels  are  still  comparatively  fixed 
and  difficult  to  free  without  damage  to  the  coats,  as  well 
as  rigid  in  themselves;  hence,  if  sutures  are  introduced, 
the  tension  upon  them  is  far  greater  than  is  the  case  with 
normal  arteries.  Again,  a  large  proportion  of  the  wounds 
are  too  extensive  for  anything  but  an  endto-end  union 
after  removal  of  the  damaged  extremities  of  the  vessel, 
and  here  again  both  local  tension  and  an  undesirable 
temporary  flexion  of  the  limb  to  reduce  it  are  opposed  to 
successful  suture.  Cases,  however,  do  occur  in  which 
either  form  of  operation  can  be  carried  out.  In  a  small 
series  of  six  operations  the  following  immediate  results 
were  obtained : — Brachial  3 :  (a)  Lateral  suture,  lumen 
of  vessel  reduced  more  than  one-third;  no  radial  pulse 
before  operation,  but  it  returned  four  days  after,  (b)  Re- 
freshment of  ends  and  eud-toend  suture.  Radial  pulse 
palpable  after  operation  and  persisted.  At  the  end  of  the 
third  week  the  distal  blood  pressure  in  the  limb  had  risen 
by  22  mm.  of  mercury,  {c}  Excision  and  eud-toend  suture. 
Radial  pulse  absent  during  first  two  days  after  operation, 
then  returned.  Five  days  after  the  operation  the  distal 
blood  pressure  was  30  mm.  of  mercury  greater  than  before. 
Popliteal  1 :  Lateral  suture.  A  good  anterior  tibial  pulse 
was  present  the  day  after  operation,  but  the  posterior 
tibial  was  absent.  Femoral  2 :  {a)  Lateral  .suture  of  an 
arterio-venous    communication   of    six   months'   standing. 


Distal  tibial  pulses  present  at  the  end  of  the  operation  and 
persisted,  (h)  Lateral  suture  in  Hunter's  canal.  Tibial 
pulses  absent  before  operation,  but  were  ji^st  palpable  four 
days  later.  Distal  blood  pressure  still  50  mm.  of  mercury 
lower  than  in  other  limb. 

Time  and  a  considerably  more  extended  observation  is 
needed  to  determine  whether  the  operation  of  suture  does 
attain  very  much  better  results  than  simple  ligature.  The 
above  results,  including  no  sort  of  accident,  seem  to  do 
little  more  than  prove  that  the  operation  is  practicable  and 
not  dangerous  in  selected  cases.  That  a  patent  lumen  is 
preserved  in  the  vessels  in  the  majority  of  cases  is,  liow- 
ever,  not  yet  proved. 

In  a  case  of  large  wound  of  the  thigh,  in  which  the  foot 
was  cold  and  no  tibial  pulses  were  palpable,  the  femoral 
artery  was  discovered  to  be  thrombosed  2  in.  above  the 
apex  of  Scarpa's  triangle  and  no  pulse  could  be  felt  in 
Hunter's  canal.  Captain  Cowell  made  an  incision  one- 
third  of  au  inch  long  into  the  vessel  and  squeezed  out  a 
small  decolorized  thrombus  and  a  red  clot  3  in.  in  length 
from  the  vessel  distal  to  the  incision.  The  vessel  was  then 
sutured,  and  pulsation  returned  in  Hunter's  canal  but  was 
not  palpable  at  the  ankle.  A  secondary  thrombus  again 
formed  and  obstructed  the  vessel.  It  appears  probable 
that  if  the  intima  has  been  sufficiently  injured  to  cause  a 
primary  thrombus  to  develop,  operations  of  this  class  are 
not  very  likely  to  succeed ;  still  a  repetition  is  probably 
worthy  of  trial. 

FRACTURES. 

At  an  early  stage  in  the  campaign,  when  wounded  men 
were  streaming  in  large  numbers  into  the  improvised 
hospitals  in  Boulogne,  it  became  evident  that  neither  the 
regulation  outfit  of  splints  nor  the  supply  of  emergency 
splints  manufactured  by  the  mechanics  attached  to  each 
hospital  unit  sufficed  to  cope  with  the  large  number  of 
fractures  admitted.  An  opportune  paper  by  Lieutenant- 
Colonel  Robert  Jones  which  appeared  about  this  moment" 
moreover  impressed  all  those  concerned  in  the  treatment 
of  these  injuries  with  the  enormous  advantages  offered  by 
splints  of  the  H.  O.  Thomas  class  for  military  use,  both  in 
facilitating  the  early  and  safe  transport  of  patients,  and  in 
allowing  efficient  extension  of  the  limbs  to  be  continuously 
maintained.  Further,  a  number  of  modifications  of  the 
type  of  splints  which  have  subsequently  proved  of  much 
value  were  quickly  in  demand.  In  order  to  meet  the 
requirements  thus  suddenly  arising,  application  was  made 
to  the  Medical  Director-General  at  the  War  Office  for  the 
supply  of  a  skilled  surgical  mechanician  to  undertake  the 
control  of  a  central  splint  manufactory  at  Boulogne.  Mr. 
Salmon  was  sent  out,  and  since  that  time  an  enormous 
number  of  splints  have  been  manufactured  locally,  and 
supplied  not  only  to  the  general  hospitals  on  the  lines  of 
communication,  but  also  to  advanced  units  throughout  the 
army.  It  would  be  difficult  to  overestimate  the  practical 
value  of  this  establishment. 

The  first  question  which  has  arisen  in  connexion  with 
these  injuries  is  the  relative  importance  of  the  primary 
treatment  of  the  wound  of  the  soft  parts,  or  the  adjust- 
ment of  the  bony  fragments  themselves.  Cases  may  occur 
in  which  eitlier  assumes  the  first  place — thus  the  limb  may 
be  threatened  by  anaerobic  infection ;  reduction  of  the 
displacement  and  maintenance  of  the  bono  in  position  may 
prove  a  matter  of  extreme  difficulty  as  a  result  of  the 
position  and  direction  of  the  fracture ;  or  the  presence 
of  multiple  wounds  in  inconvenient  positions  may  render 
it  impossible  to  apply  such  apparatus  as  will  maintain 
sufficient  extension.  Under  any  of  these  circumstances 
treatment  of  the  wounded  soft  parts  may  claim  priority, 
but  as  a  general  rule  the  principle  of  prompt  reduction  of 
the  displacement  and  maintenance  o£  extension  has  been 
adhered  to.  It  has  been  recognized  that  secondary  efforts 
at  reduction  when  a  seiitic  wound  has  cleaned  and  settled 
down  is  a  serious  operation  involving  risks  of  lighting  up 
again  a  condition  whicli  has  been  with  difficulty  overcome. 

The  next  question  wdiicli  arises  is  whether  rigid  ex- 
tension in  the  direct  long  axis  of  the  limb  is  to  be  main- 
tained or  the  joints  placed  in  the  flexed  position.  For 
patients  treated  in  France  the  former  method  has  been 
the  more  widely  adopted,  in  order  to  utilize  the  facilities 
in  transport  which  the  Thomas's  splints  undoubtedly  offer. 
As  an  invariable  custom,  however,  this  practice  has  not 
been  able  to  be  followed,  as  many  surgeons  liave  not  been 
able   to   obtain   good   position  of    the   fragments   in   such 


BRITISH    SURGERY    ON    THE    LINES    OF    COMMUNICATION. 


65 


positions  as  the  upper  and  lowci'  thirds  of  tlio  femur.     To 

meet  this  difficulty  tlio  Thouias's  splints  liavo  boon  bout  or 

other  niotliods  employed.     l''or  instance,  llodgen's  splint 

for   the  upper  third 

of    the   tliiyh    bone, 

or  a  swiufjiug  franie 

of  the  same  dimen- 
sions    of    the     bed, 

the  feet  being  fixed 

by  plaster  extension 

strips  to  tlie  angles 

of    tlie    lower    end, 

and    the   head    and 

body  lowered  (Major 

Siuclair).     For     the 

lower  third  the  wire 

doubloiucliued 

plane  of  Hey  Groves 

has  occasionally 

been  employed.     All 

these  methods,  how- 
ever, require  addi- 
tional attention  and 

longer     stay    in 

France,  hence  they 

have     not    been 

widely  resorted  to. 
T  h  e     method    of 

maintaining  exten- 
sion  has   also   been 

a  question    much 

discussed,  and  fixed 
extension  by  a 
stirrup  attached  to 
the  end  of  the 
Thoujas's  splints 
has  been  commonly 
adopted.  Yet  in  a 
large  number  of 
cases  weight  and 
pulley  extension  has 
been  preferred  and 
is  sometimes  ueces- 
s  a  r  y .  The  ques- 
tion, in  fact,  has 
not  been  settled 
in  favour  of   either  of   the  opposing  parties. 

A  third  method,  that  of  a  continuous  screw,  has  also 
been  considerably  employed,  both  in  conjunction  with  the 
type  of  Thomas's 
splint  with  a  spat 
attachment,  in  the 
Wallace-  JVIaybury 
modification  of  the 
Thomas,  and  also 
in  the  bent  Thomas's 
splints  and  their 
modifications  for 
treating  fractures  of 
the  humerus  with 
the  elbow  flexed. 

The  use  of  the 
pin  transfixing 
either  the  lower  end 
of  the  femur,  or  the 
upper  extremity  of 
the  tibia,  for  the 
attachment  of  ex- 
tension appai'atus  in 
cases  of  fracture  of 
the  femur,  has  found 
little  favour  in 
France.  This  has 
perhaps  mainly  de- 
pended on  unwilling- 
ness to  make  a  fresh 
wound  in  a  limb 
already  the  seat  of 
a  septic  wound  ;  but 
beyond  this,  the  fact 
that  practically  all 
patients  need  to  be  transported  at  an  earlier  date  than 
would  be  convenient  for  removal  of  the  pin  renders  the 
method  undesirable. 


Fig.  2. — The  Thomas  Splint  with  Foot  Extension,  Suspended  (Major  Sinclair).  The 
foot  extension  is  applied  by  means  of  i  in.  strips  of  flannel  bandage,  each  atrip  being 
threaded  through  two  metal  triangles.  One  set  of  six  triangles  is  aligned  along  the  inner 
margin,  another  set  of  six  along  the  outer  margin  of  the  sole.  The  flannel  strips  are 
glued  to  the  sole,  sides  and  dorsum  of  the  foot,  care  being  taken  that  the  end.s  do  not 
meet  over  the  dorsum.  Cotton-wool  is  dabbed  over  the  glued  area  to  hasten  and 
strengthen  the  setting.  Whilst  the  glue  is  drying  the  Thomas  splint  is  applied  in  the 
usual  way  and  fitted  with  a  suijport  to  keep  heel  clear  of  the  bed.  The  triangles  are  now 
threaded  witli  tapes,  which  are  passed  over  the  serrated  ed.ges  of  the  special  wooden  foot- 
piece  and  tied.  This  foot-piece  rides  on  the  side  bars  of  the  Thomas  splint.  The  foot, 
now  being  secured  to  the  foot-piece,  is  commanded  absolutely.  It  can  be  flexed,  ex- 
tended, inverted  or  everted,  rotated  in  or  out.  lowered  or  raised.  At  the  same  time 
extension  can  be  applied  to  the  whole  limb  by  tapes  attached  to  the  cross-bar  of  the 
foot-piece  and  fixed  in  the  V  of  the  Thomas.  Having  got  length  and  alignment  in  the 
fractured  limb,  the  cross-bar  is  fixed  by  tying  to  the  side  bars  with  tape.  This  is  often 
the  only  form  of  extension  which  can  be  applied  in  fractures  of  both  bones  of  the 
leg  near  the  ankle.  Care  should  be  taken  to  thoroughly  fix  the  knee  in  the  splint  by 
means  of  large  cotton-wool  pads  aud  a  bandage.  The  whole  spUnt  is  suspended  in  a 
C-model  suspension. 


Fig  3.— Thomas  Knee  Splint  with  Plantar  Extension  (Major  Sinclair).  A  plaster  cast  is 
made  of  the  sole  of  the  foot  by  means  of  flannel  impregnated  with  p]aster-of-l*aris.  In- 
corporated in  this  cast  are  tapes.  When  the  cast  is  dry  it  is  glued  to  the  sole  of  the  foot 
and  extension  is  got  by  attacliing  it  with  the  tapes  over  the  serrated  border  of  a  special 
wooden  foot-piece. 


One  great  feature  in  the  wards,  and  an  incalculablo 
blessing  to  the  patients  and  attendants,  has  been  the  wide 
adoption  of  the  overhead  rail  for  the  suspension  of  limbs, 

and  to  take  the 
place  also  of  the 
pulley  arranged 
over  the  head  of  the 
paticuit's  bed  in  most 
hospitals  to  allow 
him  to  lift  himself 
by  his  arms.  This 
was  devised  at  an 
early  date  in 
iioulogne  as  a  result 
of  seeing  patients 
with  fractured  thigh 
put  up  by  the  so- 
called  Balkan 
metliod  by  Lieut.- 
Colonel  Jliles.  It 
has  consequently 
acquired  the  name 
of  the  Balkan  sup- 
port. Two  of  them, 
one  placed  on  either 
side  of  the  bed,  may 
also  be  employed  for 
the  support  of  an  en- 
tire hammock  bed. 

For  fixation  of  the 
thigh  in  the  ab- 
ducted position,  the 
abduction  frame  of 
Kobert  Jones  was 
ready  to  hand,  but 
in  the  case  of  the 
upper  extremity 
much  difficulty  was 
experienced  in  the 
earlier  part  of  the 
campaign  until  the 
capability  of  a  short 
T  h  o  m  as  '  s  knee 
splint  for  this  pur- 
pose was  fully  appre- 
ciated. 

Captain  Page  has  adopted  the  ambulatory  method  of 
treatment  in  some  cases  of  fracture  of  the  thigh  and  the 
leg,  the  former   with   the  aid  of  lateral  e.xteuding  screws 

fixed  above  aud 
below  to  plaster 
collars  surrounding 
the  thigh,  the  latter 
by  muslin  strips 
impregnated  w  i  t  h 
1)  1  a  s  t  er  o  f-Par  is, 
after  Delbet's 
method.'^ 

A  great  amount 
of  ingenuity  has 
been  expended  on 
splints  devised  to 
facilitate  transport 
or  to  meet  special 
emergencies,  also  on 
various  adjuncts  to 
the  splints  them- 
selves. Thus  many 
varieties  of  rubber, 
metal,  or  flannel 
slings  to  support 
the  limbs  in  wire 
splints,  e.xtension 
attachments,  forms 
of  glue  for  fixing 
extension  strips  to 
the  limbs, aud  lastly, 
the  highh'  cfticient 
counterpoise  suspen- 
sion apparatuses  of 
Major  Sinclair 
(Figs.  2,  3,  4,  5).  Space  does  not  allow  of  more  than 
mention  of  these  many  adjuncts  to  convenience,  cleanli- 
ness, aud  the  comfort  of  the  patients. 
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Plaster- of  -  Paris  lias  on  the  whole  been  but  little 
used,  and  mostly  for  purposes  of  transport.  The  diffi- 
culty of  keeping  plaster  splints  clean  has  mainly  mili- 
tated against  them. 

Lastly,  as  to  the 
treatment  of  the 
wounds.  In  this 
place  it  is  assumed 
that  proper  cleans- 
ing, drainage,  and 
removal  of  loose 
fragments  and 
foreign  bodies  has 
been  carried  out  at 
the  casualty  clear- 
ing stations.  Under 
these  circumstances 
no  further  imme- 
diate procedures  are 
needed  on  the  lines 
o  f  communication. 
Even  in  the  case 
of  inefBcient  drain- 
age or  extending 
infection  great 
judgement  re- 
quires to  be  exer- 
cised in  interference 
on  the  first  arrival 
of  tlie  patient. 

The  object  to  be 
aimed  at  is  the 
secondary  closure  of 
the  wound  at  the 
earliest  date  prac- 
ticable, and  with 
this  object  a  con- 
tinuous antiseptic 
method  should  be 
carried  on.  Up  to 
the  present  time  the 


Fig.  4.— The  Nut  Frame  used  in  tbe  Treatment  of  Fractures  of  Tpper  Tliird  of 
Femur  with  or  without  Large  Wounds  (Major  Sinclair)  An  ingenious  combination  of 
the  liammocU  with  abduction  of  the  thigh,  embodying  the  i)rincii>le  or  Hodgen's  thigh 
splint.  A  wooden  frame  7  ft.  by  5  ft.  is  constructed  with  a  transverse  bar,  which  is  at 
tbe  level  of  tbe  patient's  umbilicus;  two  leg  bars  run  from  the  umbilical  bar  to  the  foot 
of  the  frame.  Extensions  are  applied  to  both  legs  by  means  of  gauze  and  glue.  These 
are  passed  through  holes  at  the  end  of  tbe  frame  and  tied.  The  patient's  hack  and  legs 
are  well  padded,  and  the  body  and  legs  are  supported  in  tbe  frame  by  strong  one-inch 
netti  ng.  This  netting  is  in  three  pieces— one  for  the  body,  fi.xed  to  the  sides  and  head  of  tbe 
frame,  and  two  ieg  pieces  fixed  to  the  leg  bars,  which  are  abducted  to  the  necessary  angle. 
Either  can  be  freed  independently.  The  frame  is  slung  by  the  corners  to  four  uprights 
(the  universal  leg  suspension  frame).  Extension  is  obtained  by  lowering  the  head  of 
tbe  frame,  usually  about  15  inches.  This  method  of  treatment  is  efficient,  and  tbe 
results  very  satisfactory,  both  dressing  of  wounds  and  nursing  of  patient  being 
extremely  simple. 


most     conspicuous 

success  in  this  direction  has  been  attained  with  the  Carrel- 
Dakin  method,  and  if  treatment  has  been  commenced 
at  the  casualty  clearing  station,  the  wound  may  in  a  con- 
siderable proportion  of  all  cases  be  closed  within  a 
period  of  three  weeks.  It  may  be  fairly  hoped,  in  the 
light  of  present  experience,  that  the  number  of  chronic 
suppurating  compound  fractures  will  be  in  the  near 
future  largely  re- 
duced. 

The  date  at  which 
sequestra  should  be 
removed  to  allow 
a  complete  surgical 
sterilization  of  the 
wound  has  raised 
some  discussion. 
When  the  fracture 
has  not  been  accom- 
panied by  sufficient 
loss  of  bone  for  risk 
of  non-union  to 
occur,  there  can  be 
no  doubt  that  the 
earliest  ijossible 
date  is  desirable. 
If,  on  the  other 
hand,  little  but  the 
periosteum  and  a 
few  fragments  re- 
main, the  probability 
of  securing  a  suffi- 
ciently active  osteo- 
genesis to  etlect 
union  is  no  doubt 
increased  by  leaving 
apparently  dead 
fragments    of    bone 

in  connexion  with  the  periosteum  for  some  time,  because 
a  few  bone  cells  may  have  escaped  to  help  in  repair 
which  will  probably  perish  if  exposed  in  a  suppurating 
wound. 

In  suppurating  fractures  of  some  standing  Rutherford 


Morison's  method  of  secondary  closure  after  introduction 
of  the  iodoform,  bismuth,  and  paraffin  compound  has  been 
imported  from  England,  and  is  giving  good  results. 

Radical  treatment 
for  the  condition 
of  chronic  osteo- 
myelitis has  not 
often  been  under- 
taken, unless  the 
cases  are  of  such 
a  character  as  tO' 
be  subjected  to  am- 
putatiou;  the 
majority'  are  trans- 
ferred to  England^ 
where  prolonged 
stay  in  hospital  is. 
more  readily 
assured. 

Lastly,  methods- 
of  mechanical  fixa- 
tion by  plates  and 
screws  or  by  wiring 
have  been  very 
little  resorted  to  as 
primary  measures. 
A  very  large  pro- 
portion of  the  cases 
so  treated  failed 
from  the  septic 
character  of  the 
wound,  but  in  the 
face  of  the  results 
inore  recently  ob- 
tained by  secondary 
sterilization  and 
closure  of  the  wound 
it  is  probable  that 
these  methods  may 
be  revived  in  cases 
of  difficulty  of  main- 
taining the  frag- 
ments in  position,  or  at  any  rate  resorted  to  at  a  much 
earlier  date  under  more  favourable  conditions. 

Both  in  Boulogne  and  elsewhere  special  departmenta 
have  been  establislied  for  the  treatment  of  fractures  alone, 
and  in  the  hospitals  generally  an  attempt  ha.s  been  made 
to  collect  the  patients  with  fractures  under  the  charge  of 
one   medical   officer.     This   plan  has   obvious  advantages. 

in  ensuring  special 
aptitude  on  the  part 
of  the  surgeons  con- 
cerned and  the  pos- 
sibility of  attaining 
general  results 
approaching  the 
ideal.  At  the  same 
time,  its  general 
adoption  is  imprac- 
ticable ;  the  cases 
are  of  a  nature  to 
necessitate  a  long 
stay  in  h  o  spi  t  al, 
their  collection  in 
one  ward  imposes  a 
very  heavy  task  OQ 
the  nursing  staff, 
which  needs  to  be 
largely  increa.sed, 
and,  finally,  it  not 
only  removes  a 
source  of  great 
interest  from  the 
general  surgeon,  but 
it  also  renders  him 
less  fit  to  treat  such 
cases  when  heavy 
fighting  produces 
them  in  such  great 
numbers  as  to  render  segregation  impossible.  It  must 
always  be  borne  in  mind  that  the  good  military  medical 
officer  is  a  general  practitioner,  since  occasions  must 
always  occur  with  frequency  in  which  he  must  be  pre- 
pared to  deal  efficiently  with  any  kind  of  casualty.     The 


Fig.    5.— Fracture  of  the  Thigh  treated   with  Thomas's  Knee-splint  and  Sinclair's 
Foot  Extension;  Counterpoise  Suspension  from  a  Travelling  Gallery  (Sinclair). 
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only  way  to  carry  out  usefully  lliis  idea  is  to  ci'oatc  ouo  or 
two  special  centres  in  whicli  sucli  cases  can  be  treated  as 
well  as  possible  by  sprcially  skilled  surj^eons,  and  utilize 
these  as  presentinf;  an  idi'al  towards  wljich  all  should 
work.  Such  special  hosiiitals,  no  doubt,  encourat;e  the 
device  of  new  methods  and  the  perfection  or  modification 
of  others;  our  special  hospitals  have  done  this,  but  it 
is  only  just  to  the  medical  oflicers  generally  to  say  that 
a  number  of  the  most  useful  devices  have  been  introduced 
quite  independently  of  special  conditions,  and  it  is  fair 
to  assume  that  with  young  and  energetic  officers  this  is 
always  likely  to  be  the  case. 

WOUNDS  OF  THE  JOINTS. 

The  experience  gained  in  recent  previous  wars  regarding 
the  treatment  of  wounds  of  the  joints  has  proved  of  small 
avail  in  the  present  campaign,  because  it  was  obtained 
almost  entirely  from  observation  of  the  lesions  produced 
by  rifle  bullets,  which  had  proved  themselves*  of  minor 
gravity  and  capable  of  healing  spontaneously  with  good 
results  when  subjected  to  simple  treatment  founded  on 
the  sovereign  principle  of  rest. 

The  problem  of  dealing  with  grossly  infected  joints,  often 
enclosing  a  septic  irregular  fragment  of  shell  and  dirty 
clothing,  perhaps  further  complicated  by  extensive  frac- 
tures of  the  cancellous  articular  extremities  of  the  bones, 
was  therefoi-e  practically  a  new  one  to  the  surgeons 
engaged.  Some  definite  facts  have  emerged  from  the  first 
flood  of  difficulties  encountered,  and  these  may  be  shortly 
summarized  as  follows: 

1.  The  wound  of  the  soft  parts  clothing  the  joint  is 
vastly  more  difficult  to  deal  with  than  the  articular  cavity 
itself,  and  demands  the  most  scrupulous  care  on  the  part 
of  the  surgeon. 

2.  The  synovial  capsule  itself  is  capable  of  dealing 
unaided  with  an  infection  often  of  a  really  serious  grade. 

3.  A  strong  tendency  exists  for  an  infection  to  localize 
itself,  and  the  remaining  portion  of  the  capsule  may  remain 
free. 

4.  Drainage  in  the  sense  of  the  insertion  of  large 
tubes  left  in  position  for  days  or  more  is  not  only  useless 
but  also  harmful. 

5.  That  a  gunshot  wound  of  a  joint  cannot  be  dealt  with 
too  early,  and  with  proper  treatment  forms  one  of  the  best 
subject  wounds  for  primary  suture. 

6.  That  following  the  primary  surgical  intervention  the 
main  principle  to  be  observed  is  that  of  comislete  rest 
gained  by  immobilization  and  extension. 

General  appreciation  of  these  facts  has  resulted  in  the 
conclusion  that  a  large  majority  of  the  joint  injuries  should 
be  subjected  to  their  chief  active  surgical  procedure  in  the 
hospitals  of  the  advanced  lines,  and  hence  the  general 
hospitals  at  the  present  time  receive  only  cases  well  upon 
the  road  to  recovery,  or  such  as  present  the  more  difficult 
problem  of  dealing  with  established  infection  and 
suppuration. 

The  line  of  treatment  which  has  been  adopted  in  the 
former  class  of  case  has  been  already  laid  down  elsewhere 
(Juue  2nd,  p.  718) ;  it  only  remains  to  add  that  even  cases 
which  eventually  do  excellently  often  arrive  on  the  lines  of 
communication  with  synovial  effusion  and  local  redness 
over  the  joint  and  in  the  neighbourhood  of  the  closed 
wound,  signs  due  entirely  to  an  exacerbation  consequent 
on  the  disturbance  inseparable  from  transport  down  the 
lines.  Such  oases  usually  settle  down  rapidly  if  only 
strict  care  be  taken  to  maintain  complete  immobilization, 
while  any  premature  intervention  may  be  the  direct  cause 
of  disaster. 

The  class  of  case  may  be  first  dealt  with  in  which  a 
patient  arrives  with  a  foreign  body  still  occupying  the 
joint  cavity.  This  may  be  the  result  of  the  impracticability 
of  early  j- ray  examination,  the  nature  of  or  the  small  size 
of  the  foreign  body,  or  of  a  large  number  of  patients 
having  to  be  rapidly  dealt  with. 

If  the  foreign  body  be  a  rifle  bullet,  and  the  condition 
of  the  external  wound  satisfactory,  no  immediate  action 
beyond  fixation  of  the  joint  is  advisable  at  this  period.  It 
is  far  safer  to  leave  the  bullet  in  situ  until  all  chances  of 
awakening  or  spreading  an  infection  have  passed  by.  The 
same  attitude  of  masterly  inactivity  is  to  be  recommended 
in  instances  in  which  the  included  foreign  body  consists 
of  very  small  fragments  of  shells  or  bombs,  especially  if 
the  bodies  lie  without  the  actual  confines  of  the  articu- 


lating surfaces.  Such  foreign  bodies  niay  never  need 
removal.  Thirdly,  when  fragments  of  shell  are  of  larger 
size  and  need  removal  they  may  bo  found  to  have  re- 
bounded from  the  surface  of  the  bone  and  actually  lie 
without  the  confines  of  the  joint  cavity,  although  the 
capsule  has  been  wounded.  Special  care  needs  to  be  exer- 
cised in  dealing  with  these  cases,  since  portions  of  clotliing 
carried  before  them  by  the  shell  fragments  may  still 
occupy  the  joint  cavity.  Lastly,  the  foreign  body  may  be 
impacted  more  or  h^ss  deeply  in  the  articular  end  of  the 
,  bone,  and  if  a  shell  fragment  it  should  be  removed, 
although  in  a  patient  who  has  recently  undergone  trans- 
port undue  haste  in  the  procedure  is  not  advisable. 

Wounded  joints  which  arrive  with  obvious  local  and 
general  inflammatory  signs  need  to  be  treated  with  great 
judgement.  The  condition  may  have  been  aggravated  by 
transport  and  may  rapidly  improve  when  complete  rest  is 
assured.  .Again,  the  serious  infection  may  be  situated  in 
the  periarticular  structures  rather  than  in  the  joint  itself. 
Precipitate  action  under  these  circumstances  is  to  be 
deprecated.  The  safer  plan  is  to  place  the  limb  at  rest  for 
twenty-four  hours  or  longer,  and  observe  the  result,  mean- 
while making  a  puncture  and  withdrawing  fluid,  if  present, 
for  bacteriological  examination.  If  want  of  improvement 
or  the  result  of  the  bacteriological  examination  indicate 
the  advisability  of  intervention,  the  type  operation  should 
be  of  the  nature  advocated  by  Colonel  Gray — excision  of 
the  wound  or  wounds  in  the  joint  coverings,  flushing  of  the 
synovial  cavity  after  evacuation  of  ics  contents,  and  suture 
of  the  synovial  membrane.  The  treatment  of  the  external 
wound  differs  according  to  its  size  and  condition.  In  some 
instances  it  may  be  closed  completely,  in  others  a  drainage 
tube  may  be  inserted  down  to  the  sutured  capsule,  or, 
where  the  wound  is  extensive  or  obviously  not  free  from 
infection,  it  is  better  to  leave  it  freely  open  and  treat  it  by 
antiseptic  measures  until  surgically  sterile  and  suitable  for 
secondary  suture.  Naturally  some  of  the  more  extensive 
wounds  must  be  left  to  heal  by  granulation. 

The  treatment  of  a  freely  suppurating  joint  requires  to 
be  of  a  different  character  ;  here  the  joint  cavity  must  be 
maintained  open  and  sterilization  effected  by  an  antiseptic 
method,  of  which  Carrel's  has  undoubtedly  given  the  best 
results.  When,  for  instance,  the  cavity  of  the  knee-joint 
in  general  needs  to  be  drained,  the  method  carried  out  by 
Captain  Caujpbell  and  advocated  by  Captain  Gill  is  worthy 
of  special  mention.  It  is  generally  agreed  by  all  observers 
that  when  suppuration  extends  backwards  from  the  knee 
the  line  of  progress  is  not  from  the  pouches  lying  on 
either  side  of  the  crucial  ligaments  but  around  the  lateral 
aspects  of  the  condyles— in  point  of  fact,  by  the  popliteus 
extension  of  the  capsule  on  the  outer  side  and  the  semi- 
membranosus extension  on  the  inner.  Hence  posterior 
drainage  from  the  centre  of  the  joint  is  not  only  incon- 
venient to  arrange  but  also  inadequate  to  meet  the  require 
ments.  Postero- lateral  incisions  have  therefore  been  de- 
vised, but  Campbell  and  Gill  have  regularized  a  method 
which  simplifies  greatly  the  accurate  and  adequate 
drainage  of  these  regions.  Lateral  incisions  having  been 
made  corresponding  in  position  with  the  reflection  of  the 
synovial  membrane  from  the  femur,  a  pair  of  artery 
forceps  is  pushed  down  on  the  outer  and  inner  aspects  of 
the  lower  end  of  the  femur  respectively  until  the  points  of 
the  forceps  can  be  palpated  in  the  popliteal  space.  An 
incision  is  then  made  down  on  to  the  guide  thus  furnished, 
and  a  direct  route  is  established  to  the  two  bursal  exten- 
sions from  the  posterior  aspect  of  the  joint,  and  by  this 
Carrel's  tubes  are  conducted  for  the  requisite  depth. 
Should  still  freer  drainage  be  required,  the  incision  is 
enlarged,  the  respective  heads  of  the  gastrocnemius 
exposed,  and  a  portion  of  the  origins  of  the  muscle  excised, 
so  that  a  free  opening  is  ensured.  Further  mention  of  the 
treatment  of  the  extensions  by  the  subcrureal  pouch,  the 
internal  intermuscular  septum,  beneath  the  popliteus  or 
along  the  semimembranosus  tendon  is  unnecessary.  The 
upper  pouch  of  the  joint  may  need  several  instillation 
tubes,  which  are  gradually  decreased  in  number  and 
totally  removed  at  as  early  a  date  as  possible. 

For  suppurating  joints  of  some  standing  Rutherford 
Morison's  method  has  been  adopted  with  success. 

The  influence  of  a  coexisting  fracture  on  the  prognosis 
in  a  joint  injury  is  a  matter  of  great  moment  in  any  class 
of  case,  but  the  frequency  with  which  this  condition  is 
met  with  in  gunshot  wounds  invests  it  with  a  very  special 
degree  of  importance. 
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There  is  little  doubt  that  the  actual  risks  to  the  safety 
o£  the  limb  attached  to  this  complication  -were  somewhat 
over-estimated  at  tlie  comuiencemeut  of  the  war,  and 
that  to-day,  in  the  presence  of  a  more  satisfactory  and 
rational  treatment  of  the  wound,  and  also  the  knowledge 
acquired  as  to  the  possibility  of  saving  the  joint  entire,  or 
submitting  it  to  either  primary,  intermediate,  or  secondary 
excision,  the  prospects  of  avoiding  amputation  are  much 
improved. 

It  may  be  laid  down  generally  that  tunnels,  cavities 
containing  missiles,  fissures,  and  even  T  fractures,  do  not 
of  necessity  entail  a  very  serious  prognostic  gravity  pro- 
vided the  wound  in  the  soft  parts  can  be  and  is  satisfactorily 
dealt  with,  and  the  fragment  of  shell  removed. 

In  a  large  proportion  of  such  injuries  a  more  or  less 
movable  joint  can  be  attained,  and  in  many  a  perfect 
result.  Still,  in  no  form  of  injury  does  this  more  depend 
upon  the  continuous  attention  of  the  surgeon,  care  in  the 
initial  treatment  of  the  joint,  and  subsequent  daily  pre- 
caution. Injuries  affecting  both  bony  elements  are  more 
serious,  but  may  be  treated  by  excision.  Severely  com- 
minuted articular  ends  commonly  need  amputation,  except 
where  the  single  articular  end  can  be  removed,  as  in  the 
case  of  the  upper  ends  of  the  humerus  and  femur,  or  where 
bones,  such  as  the  carpal  and  tarsal,  can  be  completely 
removed.  The  position  to  day  may  be  fairly  summed 
up  by  the  remark  that,  putting  on  one  side  articular 
injuries  in  which  the  bony  destruction  is  irreparable,  the 
fate  of  the  case  depends  upon  the  success  with  which  the 
wound  of  the  soft  parts  surrounding  the  articulation  is 
treated,  the  actual  joint  lesion  taking  a  place  of  secondary 
importance. 

Excision  of  Joints  foe  Gunshot  Injury. 
The  operation  of  excision  is  certainly  struggling  for  a 
return  to  its  former  position  as  a  procedure  in  military 
surgery.  The  operations  were  no  doubt  iu  older  wars 
often  performed  for  what  would  now  be  considered  in- 
juries not  sufficiently  extensive  to  demand  so  radical  a 
procedure;  further  wound  treatment  was  often  defective. 
Yet  excision  occupied  a  prominent  place  until,  with  the 
introduction  of  the  bullet  of  small  calibre  and  ogival  or 
dome-shaped  tip,  injuries  of  the  joints  began  to  be  regarded 
as  of  minor  importance.  A  revulsion  in  the  latter  opinion 
occurred  early  in  this  campaign,  and  some  surgeons, 
notably  Colonel  H.  M.  W.  Gray  ""  and  Colonel  A. 
Fuilertou,'"  have  striven  to  enlarge  the  sphere  of  applica- 
tion of  the  operation.  Growing  experience  has  shovi-n  that 
it  may  be  resorted  to  in  well  chosen  cases  iu  all  three 
stages  of  the  progress  of  a  joint  injury,  with  a  distinct 
prospect  of  success  under  suitable  conditions. 

Early  Excision. 
By  this  is  meant  immediate  operation  at  the  casualty 
clearing  station.  It  is  obvious  that  a  certain  number  of 
joints  may  be  excised  as  an  alternative  to  amputation. 
Thus  a  severe  localized  comminution  of  the  lower  end  of 
the  femur  or  the  upper  end  of  the  tibia  may  render  any 
chance  of  recovery  witli  a  useful  limb  improbable,  while 
the  uninjured  shaft  may  still  be  of  sufficient  length  to  allow 
of  ultimate  union.  The  same  remark  may  apply  when 
both  articular  surfaces  have  been  destroyed  by  a  traversing 
missile.  In  the  case  of  the  upper  end  of  the  humerus,  and 
also  of  the  femur,  comminuted  fractures  with  destruction 
of  the  articular  surface  also  form  good  subjects  for  the 
operation.  In  the  case  of  the  elbow  a  partial  excision  may 
oflen  be  done.  The  possibility  of  these  procedures  is 
limited,  however,  by  the  definite  condition  that  circum- 
stances will  allow  the  patieut  to  remain  a  sufficiently  long 
time  to  be  able  to  bear  safely  the  risks  of  transport  down 
the  lines  of  communication  to  the  general  hospital. 

Intermediate  Excision. 
This  operation  is  that  concerning  which  the  gravest 
doubts  were  felt  in  the  earlier  stages  of  the  war,  and  even 
now  it  can  only  be  undertaken  with  the  definite  intention 
of  following  it  at  once  by  an  amputation  if  the  procedure 
is  followed  by  local  extension  of  infection  and  signs  of 
systemic  absorption.  It  has,  however,  proved  that  excision 
may  be  a  successful  alternative  when  the  severity  of  the 
general  and  local  signs  seems  to  indicate  amputation  as 
the  only  resource.     T'he  explanation  of  this  experience  can 


be  found  solely  iu  the  facts  that  better  drainage  can  be 
ensured  when  the  articular  ends  of  the  bones  have  been 
removed,  and  the  wound  can  be  treated  more  effectively. 
It  is  a  striking  fact  that  progressive  osteomyelitis  from  the 
sawn  ends  of  the  bone  has  not  developed,  especially  when 
the  frequency  of  this  complication  in  ill-drained  com- 
minuted fractures  is  remembered.  Two  special  details  need 
mention  :  (1)  Should  the  synovial  membrane  be  removed  "? 
As  a  general  rule  this  question  is  to  be  answered  iu  the 
negative.  The  synovial  surface  in  itself  is  better  capable 
of  dealing  with  an  infection  than  a  freshly  cut  layer  of 
subsj'uovial  areolar  tissue ;  further,  when  no  extensions  of 
suppuration  have  taken  place  it  forms  an  effective  barrier 
against  such  extensions  when  proper  drainage  is  provided. 
(2)  Should  the  refreshed  ends  of  the  bones  be  placed  iu 
apposition,  or  be  temporarily  kept  widely  separated  by 
extension  '?  The  latter  plan  has  been  most  generally 
adopted.  The  excision  of  bone  should  be  of  the  most 
limited  extent  in  the  case  of  the  knee.  Lastly,  in  this 
joint  as  iti  all  others,  excision  is  not  to  be  regarded  as  a 
proper  alternative  where  efficient  drainage  can  be  expected 
to  ensure  the  end  desired. 

Late  Excision. 
The  principles  guiding  the  performance  of  excision  at  a 
later  date  do  not  materially  differ  from  those  laid  down 
above;  moreover,  as  far  as  the  hospitals  on  the  lines  of 
communication  are  concerned,  the  distinction  is  rather  one 
of  date  than  of  the  actual  pathological  conditions  to  be 
dealt  with. 

The  Results  Obtained  in  Wounds  of  the 
Knee-joint. 

Any  writer  concerned  with  wounds  of  the  articulations 
instinctively  thinks  of  the  knee-joint,  the  most  trouble- 
some to  treat,  and  that  in  which  a  good  result  is  most 
gratifying.  Two  small  series  of  cases  treated  by  Captain 
Campbell  and  Captain  Gill  respectively  may  give  some 
indication  of  the  results  being  attained. 

In  60  consecutive  cases  (Campbell)  coming  from  the 
fighting  on  the  Somme,  14  were  classified  as  very  severe, 
17  as  severe,  13  as  slight,  and  16  as  having  retained 
foreign  bodies.  Three  died  and  one  required  amputation. 
The  three  deaths  were  due  in  two  cases  to  secondary 
haemorrhage  and  in  one  to  septicaemia.  The  other  56 
cases  were  transferred  to  England  iu  good  condition,  the 
great  majority  with  every  prospect  of  good  movable 
joints. 

In  a  second  series  of  69  cases  (Gill),  in  31  the  injury  was 
inflicted  by  a  bullet,  and  iu  all  an  uninterrupted  recovery 
was  obtained  by  rest  alone. 

Amongst  the  remaining  38  cases  one  died  as  a  result 
of  meningitis  following  a  fracture  of  the  skull,  and  in 
four  cases,  one  of  which  developed  delayed  tetanus  and 
recovered,  amputation  was  required. 

Thus  in  129  cases  amputation  was  required  in  3.87  per 
cent.,  and  death  occurred  in  3.1  jjer  cent. 

A  much  larger  series  of  cases,  treated  by  different 
surgeons  at  Rouen,  has  been  analysed  by  Colonel  Gilbert 
Barling,  and  the  results  are  shown  in  the  appended  table: 

Cases  of  Wound  of_  Knee-joint  operated  on  at  Eouen  Hospitals  in 
tlie  second  half  of  19IG,  e.veinding  all  those  u-kich  uere  so  ijuiet 
that  notliinr)  was  done,  and  all  those  snhmitted  to  early  amputa- 
tion as  conservative  measures  were  inapplicable. 

1.  Total  cases  of  injury  to  knee  operated  on  845 

2.  With  bone  injury  ...  ...  ...  458 

3.  Without  bone  injury     ...  ...  ...  407 

4.  Wound  excised  and  closed         ...  ...  322 

5.  Cases  with  wounds  excised  and  closed 

requiring  furtlier  operation ...  ...      82=25.5% 

6.  Wound  excised  and  packed       ...  ...     336 

7.  Cases  witli  wounds  excised  and  packed 

requiring  further  operation  ...  ...     128=38.4% 

8.  Excision  of  knee  ...  ...  ...      42 

9.  Arthrectomy,  partial  or  complete         ...      15 

10.  Excisionsorarthrectomies  amputated...      13=22.8% 

11.  Peaths  after  excision  or  arthrectomy  ...      13  =  22.8% 

12.  Amputation  without  excision  ...  ...     151 

13.  Deaths  after  amputation  without  excision    49=32.4% 

14.  Total  amputations        ...  ...  ...     164=19.4% 

15.  Total  mortality  72=8.5% 

Note.— One  hospital  with  a  large  number  of  cases  was  unable  to 
separate  the  cases  under  headin^is  4  and  6. 
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Fig.  6. — View  of  St.  Johu  Auubulauce  Xiriyade  Hospital,  sliowiuti  couucxiou  of  the  huts  bj'  an  open  eorridor. 


INJURIES  TO  THE  HEAD. 

A  great  change  has  taken  place  since  the  comujeucement 
of  the  war  both  iu  the  nature  o£  the  cases  and  iu  their 
actual  number.  Tliis  change  depends  on  the  one  hand  on 
the  fact  tliat  a  larger  nnniber  of  these  injuries  are  retained 
and  operated  upon  at  the  front  lines,  and  on  the  other  on 
the  protection  afforded  to  the  head  by  the  helmet.  The 
early  treatment  of  these  injuries  has  already  been  dealt 
with  ;  it  sutiices  here  to  say  that  the  patients  which  now 
arrive  have  either  afready  been  operated  upou  and  are  in 
good  condition,  or  they  come  down  already  suffering  from 
septic  complications.  The  general  lines  governiug  the 
treatment  of  the  latter  class  of  case  have  been  admirably 
laid  down  in  a  paper  iu  the  British  Journnl  of  Surr/cnj  by 
Sargent  and  Hohnes,'"  and  certain  points  in  the  technique 
of  the  operative  procedure  elaborated.  These  authors 
have  also  dealt  with  the  anatomical  and  histological 
changes  associated  with  traumatic  injuries  and  infected 
wounds  of  the  brain  and  their  bearing  on  the  surgical 
treatment  of  these  conditions.  Further,  examination  of 
a  considerable  number  of  patients  some  montlis  after  their 
return  to  England  proved  much  more  satisfactory  than 
had  been  generally  expected.  It  was  found  that  the  pro- 
portion of  patients  who  die  after  transfereace  to  England 
is  small ;  later  complications,  such  as  cerebral  abscess,  are 
comparative!}'  rare,  and  serious  sequelae,  such  as  insanity 
and  ej^ileps}',  are  much  less  common  than  had  been  fore- 
told. In  only  15  per  cent,  of  the  patients  examined,  how- 
ever, had  more  than  one  year  elapsed  from  the  date  of  the 
injury.  It  also  appeared  that  many  patients  with  foreign 
bodies  deeply  lodged  in  the  brain  recover,  and  are  scarcely 
more  liable  to  serious  complications  than  men  in  whom  the 
brain  has  been  merely  exposed  and  lacerated.  These  con- 
clusions are  obviously  only  tentative,  but  as  far  as  they  go 
appear  hopeful. 

Holmes  and  Sargent "''  have  also  described  a  condition 
hitherto  rarely  seen,  and  established  a  definite  sj'mptom- 
syndrome  for  its  recognition.  It  is  characterized  by  an 
immediate  spastic  paralysis  of  the  legs,  and  frequently 
associated  with  spastic  paresis  of  the  proximal  segments 
of  the  upper  limbs ;  they  have  shown  it  to  be  due  to 
occlusion  of  the  superior  longitudinal  sinus  or  of  the  veins 
that  enter  it,  by  a  depressed  fracture  of  the  vertex  of  the 
skull.  Experience  showed  the  results  of  surgical  inter- 
ference with  cases  of  this  class  to  have  been  extremely 
unsatisfactory.  Thus,  among  39  cases  observed  which 
were  operated  upon  either  by  the  authors  or  others,  15 
deaths  occurred,  while  among  37  cases  in  which  no 
operation  was  undertaken  only  one  died  before  transference 
to  England.  While  it  is  allowed  that  these  figures  have 
no  absolute  value,  as  naturallj'  only  the  most  serious  cases 
were  selected  for  operation,  and  in  seven  of  the  fatal  cases 
direct  injury  to  the  brain  was  present  in  addition,  yet  the 
results  emphasized  the  danger  of  operation.  Moreover, 
the  uncomplicated  cases  showed  a  remarkable  tendency  to 
improve,  probably  owing  to  the  free  venous  anastomosis 
permitting  a  re  establishment  of  the  circulation. 

.•\n  imj)ortant  contribution  to  the  localization  of  function 
in  the  brain  has  been  published  by  Lister  and  Holmes,-* 
who  from  a  study  of  a  large  number  of  cases  with  injury 
in  the  occipital  region  were  able  to  determine  the  relative 


positions  iu  the  cortical  visual  areas  of  the  foci  that  sub- 
serve vision  of  separate  portions  of  the  visual  fields.  They 
bring  forward  strong  evidence  with  regard  to  the  site  for 
the  centre  for  macular  or  direct  central  vision,  of  which 
very  httle  had  been  previously  known. 
The  following  couclusions  are  come  to  : 

1.  The  uiiper  half  of  each  retina  is  represented  in  the 
dorsal,  and  the  lower  in  the  ventral,  part  of  each  visual 
area. 

2.  The  centre  for  macular  or  central  vision  lies  in  the 
posterior  extremities  of  the  visual  areas,  probably  on  the 
margins  and  the  lateral  surfaces  of  the  occipital  poles. 

3.  That  portion  of  each  upper  quadrant  of  the  retina 
in  the  immediate  neighbourhood  of,  and  including  the 
adjacent  part  of,  the  fovea  ceutralis  is  represented  in  tlie 
upper  and  posterior  part  of  the  visual  area  in  the  hemi- 
sphere of  the  same  side,  and  vice  versa. 

4.  The  centre  for  vision  subserved  by  the  periphery  of 
the  retinae  is  probably  situated  in  the  anterior  end  of  the 
visual  area,  and  the  serial  concentric  zones  of  the  i-etina 
from  the  macula  to  the  periphery  are  probably  represented 
in  this  order  from  behind  forwards  in  the  visual  area. 

Holmes  and  Smith  have  recorded  observations  on  the 
nature  and  localization  of  motor  apra.xia,  or  the  inability 
to  perform  purposeful  actions  despite  the  preservation  of 
movement  and  power,  and  in  disturbance  of  the  faculty  of 
localizing  objects  in  the  external  world  by  vision. 

Probably  in  no  other  branch  of  medicine  have  so  many 
and  such  difficult  problems  arisen  as  iu  the  treatment  of 
wounds  and  diseases  of  the  nervous  system.  Further,  in 
this  field  an  extraordinary  opportuuity  has  occurred  to 
observe,  aualyse,  and  record  the  effects  of  locS,l  lesions, 
many  of  which  are  rarely,  if  ever,  seen  in  civil  life.  When 
the  results  of  this  work  are  eventually  correlated,  they 
must  throw  much  light  on  the  physiology  and  the 
symptoms  of  disturbance  of  different  parts  of  the  brain, 
spiuiil  cord,  and  peripheral  nerves,  and  thus  increase  our 
knowledge  of  the  diagnosis  and  treatment  of  nervous 
diseases.  Special  arrangements  have  been  made  in  order 
that  cases  under  early  observation  in  France  should  be 
sent  to  special  hospitals  in  England,  so  that  continuous 
records  will  be  maintained  of  a  very  large  number  of 
patients. 

Note  by  Colonel  Percy  S.\kgext. 

I  am  indebted  to  Colonel  Sargent  for  the  following 
summary  of  his  opinions: 

The  very  large  experience  gained  of  gunshot  wounds  of 
the  head  has  led  to  a  considerable  degree  of  modification 
in  their  treatment.  Immediate  routine  operation,  often 
incomplete  and,  in  the  absence  of  full  neurological 
information  and  .c-ray  examination,  sometimes  unnecessary 
and  even  misdirected,  is  no  longer  widelj'  practised.  It 
has  long  since  been  made  abundant!}-  clear  that  early 
evacuation  of  operated  cases  is  often  followed  b}'  disaster. 
.-Vs  it  is  impossible  to  operate  upon  tliese  cases  and  to  retain 
them  at  the  clearing  stations  for  a  period  which  renders 
transportation  safe,  more  especial!}'  during  times  of  great 
military  activity,  tlie  practice  now  generally  adopted  is  to 
transfer  them  without  operation  as  soon  as  possible  to 
hospitals  further  down  the  line.     It  lias  been  made  quite 
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clear  that  sui-gioal  iaterveution  is  rarely  required  for  the 
relief  of  cerebral  symptoms,  whether  general  or  focal.  Its 
chief  aim  is  the  prevention  of  intradural  infection.  On  this 
conception  all  cases  of  gunshot  wounds  of  the  head  fall 
into  one  of  two  categories,  according  to  whether  the  dura 
mater  has  or  has  not  been  penetrated.  Nonpenetrating 
wounds  have  a  low  rate  of  mortality,  whether  operated 
upon  or  not,  provided  that  the  surgeon  respects  the  integrity 
of   the   dura  mater. 

It  is  customary, 
therefore,  to  do  in 
these  cases  only  as 
much  as  may  seem 
advisable  to  ensure 
speedy  healing,  such 
as  excision  of  the 
edges  of  the  wound, 
removal  where 
necessary  of  bony 
fragments,  and  par- 
tial or  complete 
closure  of  the  gap 
in  the  scalp  either 
by  suture  or  by  some 
form  of  plastic 
operation.  ""f 

Pene  t  rating 
wounds,  on  the 
other  hand,  afford 
more  room  for  dif- 
ference of  opinion 


Fig.  7.— Interior  ot  a 


ward  of  the  St.  .John  Ambulance  Brigade  Hospital. 


■egarding   their  treatment.     Individual 
cases  continue  to   present  difficulties  even  to  those  who 
have  seen   large   numbers,    but,   broadly   speakmg,   there 
is  a  consensus  of  opinion  in  favour  of  the  followmg  hue 
of    treatment:    The   wounds   having   been   cleansed    and 
dressed,  the  patient  is  transferred  as  soon  as  possible  to  a 
hospital  where  he  can  be  retained  for  at  least  a  fortnight 
after  the  operation.     A  complete  neurological  and  radio- 
graphic examination    is   made  and    the    operative   treat- 
ment   then     directed    according    to    the    diagnosis    thus 
arrived     at.     In   some   cases   of    penetrating    wounds    no 
operation  is  indicated,  such  as  those  in  which  a  bullet  has 
passed   completely  tlirough   the  head ;  or  those  in  which 
a  bullet  or  a  metallic  fragment  is  embedded  in  the  brain 
at   a   distance   from   a  small  clean  entrance  wound,  and 
is   civing   rise   to   no   symptoms.     Another   class   of   case 
for   which    operative    inter- 
ference   is    usually    contra- 
indicated   is   that   in  which 
the    longitudinal    sinus   has 
been  injured.     Cases  where 
a     track     from     the     scalp 
wound    leads    down    to    in- 
driven   bony   fragments,    or 
to      an     easily    accessible 
missile   are   operated   upon, 
briefly,     as      follows  :     A 
moderately     large     flap     is 
turned  down  after  resection 
of  all  damaged  tissue  round 
the  scalp  wound  ;    the  bony 
opening    is    enlarged    suffi- 
ciently to  expose  thoroughly 
the    opening    in     the    dura 
mater ;     the   indriven   frag- 
ments   of    bone   and   metal 
are   removed  under    a    con- 
stant  stream    of    hot   phy- 
siological    saline     solution ; 
and  the  track  is  drained  by 
a  celluloid,  metal,  or  rubber 
tube    brought    out    through 
the      original     wound.       In 
cases    of    more     superficial 

cerebral  laceration,  where  track  drainage  is  unnecessary,- 
the  principle  is  employed  of  covering  the  denuded  brain 
by  some  plastic  operation  on  the  scalp ;  in  these  circum- 
stances drainage  tubes  emerging  from  the  angles  of  the 
scalp  flap  are  usually  employed  for  a  few  days. 

Helaincd  Missiles. 
Opinions  still  vary  regarding  the  advisability  of  operating 
for  the  removal  of  bullets  or  shell  fragments.     There  is 
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—Interior  of  the  operating  theatre  g: 
.^Uibulance  Brigade  Hospital. 


much  evidence  to  show  that  these  foreign  bodies  are  well 
retained,  and,  apart  from  the  uncommon  accident  of  late 
suppuration,  cause  no  symptoms.  It  has  been  stated  by 
more  than  one  writer  that  bullets  embedded  in  the  brain 
move  about  under  the  influence  of  gravity.  The  evidence 
for  this  view  is  wholly  unconvincing.  Removal  of  bullets, 
even  when  the  wounds  have  healed  and  the  risk  of  septic 
infection  thereby  is  largely  minimized,  must  be,  even  in 

skilled      hands, 
attended    by   an 
amount    of   damage 
which  in  most  cases 
would     have     more 
serious   neurological 
consequences     than 
could   the    presence 
of  an  aseptic  bullet. 
Primary    removal 
of    a    deeply-seated 
missile  carries  with 
it     the      additional 
risk    of     septic    in- 
fection.     For   these 
reasons     the     usual 
practice  is   to  leave 
alone  such  missiles. 
The  treatment  of 
indriven    fragments 
of  bone  is  more  de- 
bat  cable.      When 
driven  into  the   brain   by   a   missile   which   is    itself    re- 
tained,   the    bony   fragments    are    rarely,    if    ever,    more 
deeply   placed    than    the    projectile.       Vflien    driven     iu 
by  the  impact  of  a  missile  which  does  not  itself  enter  the 
cranial  cavity,  the   bony   fragments   are  rarely  found  so 
deeply  situated    but    that    they    can    be  removed    along 
the   track   with    little,   if   any,    additional   damage    being 
done. 

With  regard  to  the  sspticity  of  these  indriven  metallic 
and  bony  fragments,  it  has  been  found  that  a  large  propor- 
tion, when  dropped  into  culture  media  immediately  upon 
removal,  fail  to  provoke  any  bacterial  growth,  either 
aerobically  or  anaerobically. 

The  question  of  the  intracranial  pressure  has  been  the 
subject  of  repeated  observation.  Among  the  conclusions 
of  practical  importance  which  have  been  arrived  at  are 

the  following : 

1.  Apart  from  the  rare 
instances  of  extensive  intra- 
cranial haemorrhage,  trau- 
matic oedema,  whilst  play- 
ing an  important  part  in 
symptomatology,  does  not 
reach  a  sufficient  degree  of 
intensity  to  endanger  life. 

2.  The  instances  of  severe 
intra  cranial  haemorrhage 
not  rapidly  fatal  are  very 
few  ;  and  even  amongst 
these  there  is  a  certain 
number  which  surgical  in- 
tervention is  not  hkely  to 
save.  Experience  has 
shown  that  an  intracranial 
haemorrhage  which  is 
sufficiently  severe  to  demand 
operative  relief,  and  which 
can  be  recovered  from,  gives 
unmistakable  signs  of  its 
progress.  The  operation  can 
be  deliberately  planned  and 
carried  out  with  the  de- 
finite object  in  view.  Ex- 
ploratory operations  on  the 

a  haemorrhage  are  rarely  if  ever 


chance  of   discovering 
called  for. 

3.  In  case  of  intracranial  pressure  from  secondary 
oedema  which  is  causing  severe  headache  and  herniation 
of  brain,  this  can  almost  always  be  controlled  by  lumbar 
puncture.  Occasionally  contralateral  decompression  has 
been  done  for  these  cases  and  has  afforded  good  results. 

Such  evidence  as  is  at  present  available  from  the  later 
results  (six  months  to  two  years)  is  all  in  support  of  the 
general  policy  of  treatment  outlined  above. 
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Tlie  steel  hchuots  liavo  playetl  an  important  part.  The 
study  of  ciauial  wounds  lioforo  and  after  their  general 
adoption  brings  to  light  many  interesting  points.  The 
outstanding  feature,  liowover,  is  that  which  concerns  the 
penetration  of  the  dura  mater.  The  proportion  of  pene- 
trating wounds  lias  very  largely  diminished,  as  also  has 
the  mortalitj'.  another  amongst  numy  indications  that  the 
surgeon  cannot  attach  too  much  importance  to  the 
integrity  of  this  membrane,  or  treat  it  with  too  much 
respect. 

INJURIES  TO  THE  SPINAL  CORD. 

Wounds  and  injuries  of  the  spinal  cord,  when  amenable 
to  treatment,  demand  early  surgical  intervention.  At  the 
commencement  of  this  war  but  little  was  known  regard- 
ing the  actual  structural  changes  attendant  on  gunshot 
injuries,  and  wliat  was  known  was  concerned  mainly  with 
the  changes  which  were  found  in  spinal  cords  examined 
at  a  comparatively  late  date.  The  position  of  the  surgeon 
was  rendered  yet  the  more  difficult,  in  that  past  clinical 
experience  had  shown  the  extreme  difficulty  which  exists 
in  forming  a  correct  prognosis,  particularly  in  view  of  the 
remarkable  ultimate  recoveries  observed  in  patients  whose 
primary  symptoms  had  not  been  able  to  be  distinguished 
from  those  observed  as  attending  total  destructive  lesions. 

In  order,  therefore,  to  recognize  when  surgical  inter- 
vention can  be  undertaken  with  a  reasonable  prospect  of 
success,  it  was  necessary  to  obtain  an  accurate  idea  of  the 
nature  of  the  pathological  changes  produced  in  the  cord 
by  modern  projectiles.  An  investigation  on  this  subject 
was  undertaken  by  Gordon  Holmes.-'  He  found  that  even 
slight  local  injuries  are  very  frequently  associated  with 
extensive  oedema,  haemorrhages,  softenings,  and  often  with 
ascending  cavity  formation,  which  may  extend  a  consider- 
able distance  both  above  and  below  the  level  of  the  original 
injury  or  wound.  These  changes  he  refers  to  the  concus- 
sion effect  produced  by  the  missile  through  the  walls  of  the 
spinal  canal ;  they  may  exist  even  without  the  presence  of 
a  fracture  of  the  vertebrae.  Such  changes  can  obviously 
not  be  relieved  by  any  reasonable  operation,  and  the 
fact  tliat,  apart  from  the  secondary  cavities  that  develop 
later,  they  occur  immediately  or  within  a  very  short  time 
of  the  infliction  of  the  injury,  diminishes  the  favourable 
prospect  of  any  surgical  intervention.  In  some  cases 
undoubtedly  tiie  symptoms  are  largely  or  in  part  due  to 
compression  of  the  spinal  cord  by  either  the  missile  or  a 
fragment  of  depressed  bone,  but  numerous  examinations 
have  proved  that  even  in  these  the  same  intraspinal  lesions 
exist. 

Even  relatively  slight  injuries  often  produce  for  the  first 
few  days,  the  period  when  operation  offers  the  best  chance 
of  success,  symptoms  that  may  be  confused  with  those  of 
total  and  irreparable  damage  to  the  cord,  and  some  clinical 
indication  of  the  severity  of  the  spinal  injury  is  conse- 
quently necessary  before  an  operation  can  be  reasonably 
undertaken.  This  question  was  investigated  in  a  large 
number  of  cases  and  the  conclusions  were  published  in  the 
same  lectures.  These  are  to  the  effect  that  the  safest 
guide  to  the  severity  of  the  injury  is  afforded  by  the  form 
and  character  of  the  sensory  disturbances,  and  especially 
by  the  changes  and  modifications  in  the  reflexes  of  the 
affected  limbs. 

In  most  cases  the  site  of  the  wound  or  a  radiographic 
examination  permits  an  accurate  diagnosis  of  the  medullary 
lesion,  but  not  infrequently  this  can  be  determined  only  by 
a  study  of  the  symptoms  produced  by  it.  The  method  by 
which  an  accurate  local  diagnosis  can  be  made  is  also 
dealt  with  in  these  lectures.  Here,  too,  many  important 
and  interesting  symptoms  which  result  from  injuries  to 
different  portions  of  tlie  spinal  cord  are  de.scribed.  It  was 
found,  for  example,  that  when  its  lower  cervical  and  the 
upper  thoracic  segments  were  severely  affected,  the 
patients  often  presented  a  serious  symptom-syndrome 
characterized  by  hypothermia,  bradycardia,  low  blood 
pressure,  reduced  secretion  of  urine,  and  mental  hebetude. 
The  body  temperature  may  fall  as  low  as  80  F.  (27' C), 
the  pulse-rate  to  35  or  40  per  minute,  the  blood  pressure  to 
60  mm.  of  mercury,  and  onl}-  4  to  8  oz.  of  urine  may  be 
secreted  in  the  twenty-four  hours. 

Injuries  to  the  region  from  which  the  vasomotor  fibres 
to  the  kidneys  pass  oft'  maj',  on  the  other  hand,  produce 
an  extraordinary  polyuria,  and  lesions  in  the  higher  cer- 
vical segments  were  shown  to  be  often  associated  with 
hyperpyrexia. 


Attention  lias  been  drawn  by  T.  R.  I34liott'--  to  the 
occurrence  of  spinal  lesions  in  men  who  have  been  exposed 
to  shell  explosions  in  their  iiiiiiicdiate  vicinity,  but  who 
escaped  direct  injuries. 

The  acquisition  of  wider  knowledge  has  not,  however, 
greatly  widened  the  scope  of  operative  intervention. 
Operations  are  still  for  the  most  part  confined  (1)  to  cases 
in  which  a  radiographic  or  direct  examination  reveals 
the  presence  of  disiilaced  and  depressed  fragments  of  bone 
or  the  lodgement  of  foreign  bodies  either  within  the  canal 
or  buried  in  the  cord  (it  may  bo  mentioned  that  several 
cases  have  been  observed  where  retained  bullets  have 
travelled  long  distances  within  the  spinal  canal,  particularly 
in  its  lower  part);  (2|  to  cases  in  which  the  patients  suffer 
severe  and  unbearable  pain  ;  (3)  to  cases  in  which  pressure 
from  haemorrhage  around  the  cord  is  suspected,  such  cases 
being  very  rare.  An  additional  class  may  be  added  in 
which  a  late  operation  is  performed  on  the  chance  of  some 
improvement  being  gained,  mainly  as  a  question  of  ex- 
pediency. Patients  with  injur-ies  to  the  nerves  of  the 
Cauda  equina  have  as  a  rule  been  evacuated  to  England. 

No  striking  change  in  operative  technique  has  been 
developed,  beyond  the  general  tendency  to  partial  rather 
than  classical  laminectomies,  and  perhaps  the  development 
of  an  increased  confidence  in  the  utility  of  placing  a 
muscle  graft  over  the  opening  in  the  spinal  membranes 
when  leakage  of  cerebrospinal  fluid  has  been  associated 
with  the  performance  of  the  operation.  An  intact  dura 
has  throughout  been  an  important  immediate  prognostic 
element,  as  in  the  case  of  injuries  to  the  head. 

Early  drainage  of  the  bladder  by  a  suprapubic  tube  has 
been  advocated  by  Percy  Sargent  since  the  commencement 
of  the  campaign,  but  the  difficulties  in  the  transport  of 
patients  thus  operated  upon,  and  the  increased  responsi- 
bility devolving  on  the  nurse  in  keeping  the  back  in  good 
condition,  have  militated  against  an  extensive  adoption  of 
this  measure. 

hijuries  to  tlie  ]>eri2>h,eral  nerves  have  been  extremely 
common  ;  it  has  indeed  been  estimated  that  in  18  to  20  per 
cent,  of  all  limb  wounds  slight  or  more  serious  lesions  of 
the  large  nerve  trunks  coexist.  But  owing  to  the  facts 
that  when,  as  is  usually  the  case,  extensive  septic  wounds 
are  present,  the  early  surgical  treatment  of  nerve  injuries 
is  impracticable,  and  that  the  patients  with  small  and 
clean  wounds  can  be  safely  transferred  to  England,  neither 
the  treatment  nor  the  study  of  these  injuries  has  been  an 
urgent  question  in  the  general  hospitals  on  the  lines  of 
communication  in  France. 

ABDOMINAL  INJURIES. 

The  chief  interest  in  injuries  to  the  abdomen  has  rightly 
been  transferred  from  the  general  hospitals  to  special 
hospitals  at  an  advanced  line  or  to  the  highly  developed 
casualty  clearing  stations.  Prior  to  the  summer  of  1915, 
however,  the  great  majority  of  injuries  to  the  abdominal 
viscera  were  dealt  with  on  the  expectant  system,  and 
such  of  the  patients  as  survived  arrived  in  the  general 
hospitals.  The  experience  gained  from  the  observation  of 
these  aff'orded  some  information  regarding  the  prognosis  of 
wounds  of  both  hollow  and  solid  viscera,  which  may  in  the 
future  not  be  so  readily  obtained. 

The  enormous  mortality  attending  injuries  to  the  small 
intestine  was  clearly  demonstrated,  both  by  the  com- 
paratively small  number  of  patients  arriving,  and  by  the  • 
simple  nature  of  the  injuries  found  at  post-t)wrlem  ex- 
amination compared  with  the  extensive  and  multiple 
character  of  the  lesions  which  have  been  almost  uniformly 
discovered  by  early  operations.  This  experience  exerted  a 
healthy  influence  in  supporting  the  advisability  of  early 
operation.  The  lesser  fatality  attending  wounds  of  the 
colon,  excluding  the  transverse  colon  and  the  sigmoid 
flexure,  was  also  clearly  brought  out,  since  a  larger  pro- 
portion of  wounds  of  the  large  gut  arrived  at  the  general 
hospitals,  and  of  these  more  than  50  per  cent,  recovered 
sufficiently  to  be  transferred  to  England  in  good  condition. 
This  number  obviously  has  no  bearing  on  the  actual 
mortality  of  wounds  of  the  colon,  but  compared  with  a 
percentage  recovery  of  less  than  16  per  cent,  in  a  small 
series  of  minor  injuries  to  the  small  intestine,  it  is 
sufficiently  striking. 

A  few  points  of  some  interest  also  emerged  from  the 
series  of  postmoyteui  examinations  made  on  patients  who 
had  survived  several  days ;  thus  the  general  character  of 
the  peritonitis  in  oases  of   wounds  of  the  small  intestine, 
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and  the  localized  nature  of  that  developing  in  consequence 
of  wounds  of  the  large  intestine;  the  observation  that 
when  the  wound  track  traversed  the  psoas  muscle  and  its 
sheath,  extravasation  of  faecal  contents  extended  to  the 
thigh,  and,  indeed,  might  travel  the  whole  length  of  the 
lower  limb  ;  that,  while  patients  dying  from  the  effects  of 
wounds  of  the  small  intestine  uniformly  succumbed  to 
peritoneal  infection,  deaths  following  wounds  of  the  colon 
were,  in  40  per  cent,  of  all  the  cases,  the  result  of  a  general 
infection  from  the  septic  wound  of  the  soft  parts  of  the 
trunk,  and  not  from  the  psritoneum  itself,  the  main  feature 
of  the  general  infection  being  a  purulent  bronchitis:  lastly, 
in  a  series  of  post-mortem  examinations  made  by  Captain 
Henry,  in  every  case  a  general  post-mortem  invasion  of 
the  blood  stream  by  anaerobic  organisms  was  discovered. 

Experience  again  proved  the  jiractical  futility  of  per- 
forming operations  for  the  closure  of  intestinal  wounds 
after  thirty  six  hours  has  elajised  from  the  time  of  injury, 
and  it  is  probable  that  any  successes  obtained  in  this  field 
can  be  counted  upon  the  lingers.  On  the  other  hand,  the 
good  results  often  obtained  by  performing  a  proximal 
colostomy  in  large  wounds  involving  the  colon,  and  thus 
preventing  the  occurrence  of  the  late  systemic  infection 
referred  to  above,  have  been  amply  proved.  The  few  cases 
in  which  an  attemjjt  has  been  made  to  obtain  the  same 
result  by  making  an  intestinal  short  circuit  by  anastomosis 
have  not  been  encouraging,  and  it  is  obvious  that  this  class 
of  case  is  not  a  favourable  one  for  such  procedure,  both 
by  reason  of  the  general  condition  of  the  patient  and  the 
difficulty  in  performing  a  clean  operation. 

Xo  novel  features  have  been  disclosed  by  observation  of 
the  numerous  instances  of  wounds  to  the  solid  abdominal 
viscera,  except  that  perhaps  more  attention  has  been  given 
to  interference  with  their  secretory  activity,  and  that  the 
favourable  course  commonly  following  these  injuries  in 
the  absence  of  serious  septic  complications  has  tended  to 
confirm  the  propriety-  of  maintaining  an  expectant  atti- 
tude in  the  question  of  surgical  intervention.  Speaking 
generally,  it  may  be  said  that  the  formation  of  an  abscess 
or  the  occurrence  of  secondary  haemorrhage  are  the  only 
indications  for  interference  at  the  period  at  which  the 
patients  reach  the  general  hospitals.  Septic  infection  has 
been  the  common  cause  of  death  in  all  cases  of  fatal  injury 
to  the  solid  viscera,  and  in  40  per  cent,  of  deaths  from 
wounds  of  the  liver  secondary  haemorrhage  has  accounted 
for  the  fatal  issue. 

Intraperitoneal  injuries  to  the  urinary  bladder,  even  dis- 
covered during  operation,  have  been  rare  throughout  the 
campaign,  and  for  some  reason  probably  connected  with  the 
conditions  of  trench  warfare  extraperitoneal  wounds  have 
become  far  less  often  seen  than  in  the  earlier  stages  of  the 
war.  These  latter  cases  were  the  source  of  much  interest 
because  they  were  sometimes  difficult  to  diagnose  from 
injury  to  the  pelvic  small  intestine  in  the  early  stage,  and 
also  because  treatment  by  simple  suprapubic  cystostomy 
was  found  so  successful.  Of  thirty  such  consecutive  opera- 
tions only  two  proved  unsuccessful,  and  in' each  of  these 
comminuted  fractures  of  the  pelvis  were  coexistent.  If 
treated  expectantly,  in  many  instances  the  urine  escaped 
freely  from  apertures  in  the  abdominal  wall,  the  buttock, 
or  the  thigh  for  a  week  or  ten  days,  and  the  patients 
appeared  to  be  doing  well,  when  infection  of  the  urine 
took  place,  extended  to  the  bladder,  and  toxaemia  followed. 
Even  in  the  latter  class  of  case,  however,  a  late  operation 
may  save  the  patient. 

The  condition  of  cases  arriving  at  the  general  hospitals 
subsequently  to  the  primary  operations  at  the  advanced 
lines  deserves  a  word  of  mention,  although  the  patients  are 
for  the  most  part  birds  of  passage. 

The  general  results  have  been  remarkably  good,  the 
most  common  defect,  now  not  so  common  as  in  the  earlier 
stages  of  the  adoption  of  early  operation,  has  been  incom- 
plete union  of  the  wound  in  the  abdominal  wall.  In  some 
cases  this  has  been  accounted  for  by  a  primary  use  of  the 
initial  entry  or  exit  aperture  for  the  site  of  the  exploratory 
incision,  in  others  from  the  persistency  of  a  gap  left  for 
a  drainage  tube  :  but  beyond  these  complicating  factors 
an  obvious  difficulty  has  been  experienced  in  obtaining  firm 
primary  union.  In  some  cases  this  may  have  depended  on 
an  actual  deficiency  in  vitality  of  the  patient,  but  in  the 
majority  it  has  undoubtedly  been  due  to  infection,  and  when 
it  is  borne  in  mind  that  these  operations  are  performed 
on  the  subjects  of  intestinal  perforations  in  whom  infected 
blood  is    present    and    has    to    be    evacuated    from    the 


abdominal  cavity,  it  is  not  to  be  surprised  at.  Such  wounds 
have  usually  healed  readily  by  granulation.  The  next 
occasional  trouble  has  been  the  secondary  formation  of 
abscesses  or  fistulae.  These  have  not  been  common,  the 
abscesses  usually  following  colic  wounds  and  the  fistulae 
wounds  of  the  small  intestine.  It  is  noteworthy  that 
fistulae  have  formed  secondarily  in  several  cases  in  which 
the  primary  exploration  has  been  negative  — a  fact  bearing 
ou  the  common  occuri-euce  of  severe  contusion  of  the  wall 
of  the  intestine  unaccompanied  by  perforation.  As  a  rule, 
the  bowels  have  acted  regularly  and  well ;  in  some 
instances  diarrhoea  has  been  troublesome,  and  the  writer 
has  only  seen  one  patient  in  whom  secondary  obstruction 
was  caused  by  adhesions.  On  the  whole,  the  evidence 
seems  against  troublesome  peritoneal  adhesions  developing 
with  any  degree  of  frequency.  In  one  post-mortem  exami- 
nation made  upon  a  patient  who  died  from  pneumonia  the 
abdominal  cavity  was  absolutely  free  from  adhesions,  and 
an  end-to-end  anastomosis  was  so  perfect  as  to  be  with 
difficulty  discovered.  As  is  usually  the  case,  however,  the 
bowel  on  the  proximal  side  of  the  line  of  union  was  already 
somewhat  dilated. 

E.A.DIOGRAPHY.* 

Considerable  advance  in  the  localization  of  foreign 
bodies  has  been  made  in  the  general  hospitals  on  the  lines 
of  communication  during  the  progress  of  the  campaign. 

While  the  majority  of  surgeons  are  agreed  that  the 
greatest  radiographic  assistance  which  they  receive  in  the 
removal  of  foreign  bodies  is  afforded  either  by  stereoscopic 


Fig.  9.— I,  Curve  for  a  displaceinent  of  the  focus  of  150  mm. 
II,  Curve  for  a  displacement  of  the  focus  of  100  mm.  III.  Curve  for 
a  displaceme.nt  of  the  focus  of  EO  mm.  IV,  Correction  for  a  dis- 
tance from  the  screen  to  the  focus  of  400  mm.  V,  Correction  for  a 
distance  from  the  screen  to  the  focus  of  500  mm.  YI.  Correction 
for  a  distance  from  the  screen  to  the  focus  of  600  mm. 

skiagrams,  or  else  by  two  plates  taken  at  planes  at  right 
angles  to  one  another — usually  antero-posterior  and 
lateral — there  are  situations  in  the  body,  such  as  the 
thorax,  abdomen,  and  hip  region,  where  it  is  more 
convenient  to  be  provided  with  the  depth  of  the  foreign 
body  iu  centimetres  under  a  certain  spot. 

*  The  writer  is  indebted  to  Major  Curtis  Webb  for  the  technical 
details  contained  in  this  section. 
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The  pi-iiiio  credit  of  ovolvinj,'  a  luetlioil  foi'  ostiniatiu;^ 
tlio  position  of  II  fon^i^ii  body  iiiiist  bo  accorded  to 
Mackiaiy.io  Davidson,  but  iu  tlio  cai'ly  days  of  tlio  wai' 
Dr.  Hanipsou  worked  out  a  modification  of  Davidson's 
principle  whereby  the  deptli  of  tlio  foreign  body  from  the 
screen  or  plate  could  \u'.  easily  and  quickly  dott^rmincd, 
and  several  ingenious  modifications  of  a  mechanical  device 
attached  to  a  tluorescont  screen  have  been  put  upon  the 
market  based  in  principle  on  liampson's  work. 

In  October,  1914,  JM.  Paul  Wif^ny,  director  of  the  Uouen 
Electric  Light  Company,  worked  out  a  formula  and 
chart  (Fig.  9)  for  Major  Curtis  Webb;  subse(|ucntly  the 
formula  was  independently  evolved,  and  published  in 
England  iu  1915.  This  formula  is  based  on  Hamjison's 
principle,  aud  has  been  extensively  utilized  by  Major 
Curtis  Webb,  who  has  supplied  the  following  details  as  to 
its  application : 

In  Figure  10  T  is  the  table,  and  i>  the  part  of  the  patient 
in  which  lies  the  foreign  body  at  an  unknown  depth  (./) ; 
L  =  the   distance   between   the    anticathode    and  plate ; 


Plate  or  screen 


Level  of 
untkathoJc 
in  tube  box 


Fig.  10. 


(/  =  the  horizontal  movement  of  the  tube  between  the  two 
exposures  ;  I  =.  the  distance  between  the  two  shadows  on 
the  plate  or  screen.  AVith  these  indications  it  is  easy  to 
work  out  the  formula : 

_  ;  X  L 
■''  ~  d  +  I 

The  procedure  is  as  follows ;  First  centre  the  tube 
under  the  part  where  the  foreign  body  is  seen,  and  close 
the  diaphragm  down  until  the  foreign  body  is  just  en- 
closed by  the  aperture.  Mark  the  skin  over  the  point, 
aud  the  foreign  body  will  lie  vertically  under  it.  Place  a 
plate  in  position  with  its  centre  about  over  the  foreign 
body,  move  the  tube  a  few  centimetres  (4  or  5)  one  way, 
expose  and  then  move  the  tube  back  10  centimetres,  and 
expose  again  on  the  same  plate.  On  developing,  there  will 
be  two  shadows  :  the  distance  iu  centimetres  between  two 
corresponding  points  of  the  shadows  will  be  the  distance  I : 
d  should  be  10  cm.,  and  L  should  be  50  cm.  On  many 
a-ray  couches  there  are  arrangements  for  securing 
this  last  factor,  and  where  this  is  the  case  the  chart 
(Fig.  9)  will  enable  the  exact  depth  of  the  foreign  body  to 
be  ascertained  without  calculation  in  the  following  way ; 

In  the  upper  left  side  of  the  chart  are  a  series  of 
numbers  corresponding  to  the  distance  between  the 
shadows.  Take  this  figure,  follow  the  horizontal  line 
until  it  touches  the  curve  corresponding  to  the  amount  of 
lateral  movement  of  the  plate — usually  10  cm.  Then 
follow  the  perpendicular  from  there  until  it  impinges  on 
the  line  corresponding  to  the  distance  between  the  plate 
and  the  anticathode  (L),  and  then  trace  the  horizontal  from 
this  point  towards  the  right  of  the  chart.  The  example 
in  the  chart  is  indicated  by  the  line  a  B  c  D,  where  a 
distance  between  shadows  of  4  cm.,  a  movement  of  the 
tube  of  15  cm.,  and  40  cm.  between  plate  and  anticathode 
corresponds  to  a  depth  of  the  foreign  body  of  8.5  cm. 

If  a  couch  has  been  extemporized  the  distance  of  the 
anticathode  from  the  top  of  the  couch  can  be  measured 
once  and  for  all  and  noted,  and  the  distance  of  the  plate, 
where  lying  on  the  part  under  examination,  from  the  top 
of  the  table  can  be  added  to  the  above  known  distance 
and  the  depth  of  the  foreign  body  finally  worked  out  from 
the  formula;  or  the  part  can  be  raised  ou  pillows  until  L  is 
approximately  50  cm.  From  a  surgical  point  of  view 
aj^proximation  is  all  that  is  necessary,  for  note  that,  if  it 
be  endeavoured  to  arrange  that  L  be  50  cm.,  but  for  some 


reason  it  be  either  48  or  52  cm.,  then  ./■  will  he  either 
8  or  8;{.  Should,  for  example,  I  be  taken  as  2  cm.,  thim  a 
difference  of  ;■;  cm.  is  negligible  in  an  ordinary  removal  of 
a  foriiign  body.  However,  very  little  ingenuity  is  reipiircd 
to  ensure  L  being  fairly  accurately  50  cm. 

For   localization  of    foreign  bodies  in    the  eye,  an  ex- 
cellent  head    rest   has   been    devised   by   Major    Iligham 
Coopiir,     which     is    both    simple,     rapid,     accurate,      and 
•  convenient. 

In  civil  practice  it  has  been  customary  to  radio- 
graph the  eye  witlr  the  patient  in  the  sitting  position. 
This  is  impracticable  in  the  majority  of  wounded  soldiers. 


hence  the  head  rest,  illustrated  in  Fig.  11,  was 
designed  to  enable  men  to  be  x-rayed  while  in  bed  iu  the 
wants. 

The  apparatus  is  either  arranged  across  the  bed,  or  made 
to  rejilace  the  pillow,  the  patient's  head  being  placed  iu 
the  position  shown  in  Fig.  11,  pressed  against  a  plate- 
holder  A,  provided  with  cross  wires.  The  patient's  head 
rests  upon  an  air  pillow,  which  can  be  inflated  to  raise  it 
to  the  height  desired.  An  upright  of  thin  wood,  B,  is  then 
pushed  up  to  the  other  side  of  the  head,  and  clamped  to 
immobilize  the  head.  The  ,r-ray  tube  (previously  centred 
on  the  intersection  of  the  cro.ss  wires  ou  the  plate-holder) 
is  held  in  a  clamp,  c,  capable  of  a  3  cm.  sliift  to  either  side 
of  the  central  position  against  stops.  Hence  no  measure- 
ments require  to  be  made,  as  both  the  distance  of  the 
tube  and  the  displacements  are  fixed. 

In  localiziug  foreign  bodies  in  the  eye  a  metal  marker 
must  be  placed  in  some  known  relation  to  the  centre  oil 
the  cornea.  In  head  injuries  the  marlcers  may  be  placed 
as  desired.  Localization  is  doue  by  the  graphic  method 
for  vertical  and  horizontal  position,  and  the  usual  formula 
is  employed  to  calculate  depth.  The  negatives  possess, 
also  the  advantage  of  being  stereoscopic. 

For  working  out  the  eracf  position  from  a  pair  of  stereo- 
scopic plates  a  most  excellent  and  accurate  method  has- 


recently     been     published     which     dispenses     with     the 
Mackenzie  Davidson  localizer. 

A  typical  case  will  make  this  clear  (Fig.  12).  In  this 
case  the  tip  of  the  fuse  wire  was  exactly  9  mm.  under 
and  on  the  same  plane  as  the  centre  of  the  pupil  when  the 
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Fro.  13.— Plot  out  the  foreiga  body  ou  the  left  diafiram.  and  read  off  its  distance  in  mm.  from  the 
Tentral  Corneal  Axis  (CCA. ).  Imagine  tlie  right  diagram  rotated  round  the  line  of  the  CCA.  to  the  plane  pa.ssing 
through  the  foreign  body.  The  number  of  mm.  the  foreign  body  is  from  the  CCA.  is  counted  in  the  plane 
tangential  to  the  centre  of  the  anterior  surface  of  the  cornea,  and  the  foreign  body  is  plotted  out  at  the  appropriate 
depth.  It  will  be  seen  whether  the  foreign  body  is  inside  or  outside  the  globe,  and  how  many  mm.  it  is  internal  or 
external  to  the  outer  surface  of  the  sclerotic. 

The  foreign  body  is  mm.  ^  ^gf^^^  *'^®  central  corneal  axis. 

mm.  to  the     ten  noral  ^'"^^  °^  "^®  central  corneal  axis. 

mm.  deep  to  the  plane  tangential  to  the  centre  of  the  anterior  surface  of  the  cornea. 

The  charts  show  the  foreign  body  to  be  |  p'Jftside  "^^  globe mm.    ,  external  '"  '''^''  outer  surface  of  the  sclerotic. 

patient  looked  at  some  distaut  object  with  tlie  sound  eye.  Employment  of  Radioscopy. 

the   patient  lying    on    his    back    so  that    the    horizontal  It  would  appear  expedient  .specially  to  emphasize  the 

line  /(  /'  may  be   considered  as  passing  from  the   vertex  danger  of  substituting  radioscopy  for  radiography  in  the 

towards  the  chin.     Obviously,  then,  the  vertical  line,  v  v,  localization  of  foreign  bodies  except  in  occasional  cases, 

will  be  parallel  to  the  central  corneal  axis  (C.C.A.).  When  a  number  of  cases  require  attention,  radioscopy  is 

Now,   ou   either   side   of    the   poiut    of    intersection    H  undoubtedly   the   more   expeditious,   but    more   than   one 

measure  two  distances,  h  s,  H  s',  each  of  3  cm.,  then  the  operator  in  France  has  had   his  face  and   hands  severely 

points  s  and  s'  will  correspond  to  the  respective  positions  burnt  by  excessive  use  of  the  screen.     Further,  the  radio- 

of  the  anticathode  of  the  tubes  at  the  two  exposures,  and  graphic  plate,  even  though   the  structures  have  a  double 

/  and  f  the  shadows   of    the  tip   of   the  fuse  wire,  and  contour,  can  afford  very  definite  assistance  to  the  surgeon 

h  and  i' the  shadows  of  the  foreign  body,  and   F  and   b  at  the  time  of  operation. 

will  be  the  respective  true  positions  of  tlie  tip  of  the  fuse  The    removal    of   foreign   bodies  under  the  fluorescent 

■wire  and  of  tiie  foreign  body.     From  f  and   B  drop  two  screen   has   been  employed    to   a    considerable  extent  in 

verticals  ff' and  B  b';  measure  ff' and  B  b',  then  ff' minus  some    hospitals,   the    following    method   and   precautions 

B  b'  will  be  the  depth  of  the  foreign  body.     Again,  draw  a  being  adopted  : 

horizontal  line  through  b  parallel  to  /(  //,  and  as  it  is  known  The  patient  is  laid  on  the  .r-ray  couch  and  anaesthetized, 

that  F  was  9  mm.  below  the  central  corneal  axis,  then  the  The  part  to  be  examined  is  cleansed  and  covered  with  a 

■centre  of  the  pupil  is  indicated  by  the  poiut  c  ;  then  the  sterile  towel,  npou  which   the  fluorescent  screen  is  placed, 

distance  c  a  will  be  the  distance  of  the  foreign  body  ahore  The  current  being  turned  on,  the  diaphragm  on  the  tube 

or  below  (in  this  case  above)  G.C.A.      Finally,  knowing  the  box  beneath  the  table  is  reduced   in  diameter  enough  to 

■distance  of  the  anticathode  from  the  plate,  we  can  deter-  define  the  foreign  body  clearly,  which  procedure  also  cuts 

mine  the  distance  of  the  tip  of  the  fuse  wire  F  from  the  off  all  unnecessary  rays,  and  so  saves  the  operator's  hands, 

plate— using  the  formula  By   pressing   on    the   skin   in   the  neighbourhood   of   tlie 

foreign  body  and  noting  its  maximum  movement  it  is  easy 

X  =  ''.iii'  to  ascertam  at  what  point  the  foreign  body  is  nearest  to 

''  +  '  the  surface,  and  it  can  then  be   determined   whether  it 

,      ,,       ,.  ,  ,    ,  ,,        1     1   „„   J  „.,  T   ji   „.,  1  ;„  should  be  removed  through  the  original  track  or  whether 

— bv  the  distance  between  the  shadows  /  and  / ,  and  in  "   "     ....         ,       ,  t  ,    "        1     t       ii  -j.      -nr,  -  1 

the  same  way  the   distance  of   B  from  the  plate  can  be  a  fresh  mcision  should  be  made  directly  over  it      fthich- 

estimated.     If  the  distance  of  f  be  greater  than  the  dis-  ever  pi-oceedmg  be  decided  upon,  the  point  of  a  forceps  is 

tance  of  b  from  the  plate,  B  is  that  nmch  on   the  temporal  J^o^  introduced  and  pushed  on  until  it  reaches  the  foreign 

.3      J.,,      ,,  ,,  ,  •    •    T     i    1  1     ti      T«-     ,,    „  i,„t  ,     „  body.     Bv  moviu"  the  points  up  and  down  alternately  it 

side  of  the  CCA. ,  as  IS  indicated  by  the  difference  between  ^^^'y-        ■'  ,    ,      ,^.  ,       '^  }  ,,  ^     ^    i- 

,,       ,  ,.  ,  rv      41        ti        1  „.,,!    ;f    T,  ;,  f.,..fi,„,.'  can   be  noted  which  movement  causes  the  greatest   dis- 

the  two  distances.      On    the  other  hand,  if    B  is  further  ^,  l      c   i.^       c       ■        1     i  i    41        "t    ■     1 

.         ii        1   4    4-T  41        41      *       • i,„,i„  ,„;ii  i,„  +i,„4  placement   of   the   foreign    body,   and    thus   it   is  known 

from  the  plate  than  F,  then  the  foreign  body  will  be  tliat  '  ,    ,,         ,1       j,  °  -^    1  v.  114 

1    4     41  ;    -3        T      41  4.,.„-4;„^i   41, „  ^,-.,„f  wlietlicr   the   forceps  occupy  a  plane  above  or   below  it. 

much  to  the  nasal  siae.     In  the  case  typmed  the  exact  ;     ."  1  4,    •'^  411  14       •  1  1 

., .         J  4,      p       •       ,     1  ■"■  A  little  practice  enables  the  forceps  to  be  brought  quickly 

position  of  the  foreign  body  was  -4  4     4      -4,    41      ^       ■        r,    i         1        41  1 

■■■  o  J  mto  contact  with  the  foreign  body,  when  they  are  opened 

4  ram.  deep  to          1  .lust  sufficiently  widely  to  allow  it  to  be  grasped  without 

3  mm.  above             -CCA.  the  inclusion  of  muscle  or  other  structures  surrounding  it. 

exactly  on  vertical  I                      '  As  an  extra  precaution  it  is  well  to   place  a  sheet   of 

.".  in  alobe.  aluminium   1  mm.  in   thickness   over   the   diaphragm    in 

order  to  cut  off  the  soft  rays. 
The  accompanying  charts  (Fig.  13)  have  been  suggested 

by  Colonel  Lister  for  demonstrating  the  position  of  foreign  Rapid  Localiz.\tios  of  Bullets  or  Shrapnel  Balls 

bodies   in  the   ej'e,   on   the  lines   laid   down   by    Captain  from  a  Single  Radiograph  on  a  Single  Pl.atb. 

J.  Herbert  Fisher,  F.R.CS.,  R..\.M.C.,  in  his  article  in  the  This   method,   devised   by  Captain  Pirie,  CA.M.S.,-*  is 

Ophlhahnic  Review.  obviously  limited  in  application,  since  it  assumes  that  only 
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Fig.  14. — Sllowinf4  bullets  and  slirapael  balls  radiographed  at  tho  distances  mentioned  in  inches. 


bullets  and  slirapael  balls  of  the  same  calibre  are  being 
dealt  with. 

.■\  key  radiographic  table  is  prepared  by  making 
fadiographs  of  the  bullet  or  shrapnel  ball  at  the 
following  distances  from  the  plate :  0,  1,  2,  3,  4,  5,  6  in. 
<Fig.  14.) 

Tlie  diameter  of  the  bullet  or  ball  casts  a  shadow  the 
width  of  which  is  proportional  to  its  distance  from  the 
))late,  no  matter  at  what  angle  the  missile  may  be  lying. 
'Che  length  of  the  bullet  forms  no  guide. 

A  measurement  of  the  uniformlj^  cylindrical  portion  of 
the  bullet  is  made  with  a  tine  pair  of  dividers;  the  latter 
are  then  transferred  to  the  ke}'  plate  and  compared  with 
the  shadows  ;  the  shadow  which  they  tit  exactly,  decides 
the  dejith  of  the  bullet.  The  same  method  applies  to  the 
shrapnel  ball,  provided  it  is  not  more  than  very  slightly 
•deformed. 

AN.\TOMic.iL  Localization  of  a  Met.\llic  Foreign 
Body  and  REcoNSTRncTioN  of  its  Track. 

Captain  Crymble'-^  has  shown  the  practical  possibility  of 
combining  radiographic  results  with  the  information  which 
can  be  obtained  from  a  study  of  sectional  anatomy.  By 
this  combination  the  actual  anatomical  position  of  a  foreign 
body  can  be  determined  in  addition  to  its  depth  from  the 
surface  or  relation  to  neighbouring  bony  points.  To  attain 
this  object  he  has  employed  a  series  of  original  coronal 
and  horizontal  sections  of  the  body,  and  also  the  atlas  of 
cross  section  anatomy  of  Eycleshymer  and  Shoemaker. 
By  marking  the  vertical  and  lateral  positions  of  the  foreign 
body  on  a  reconstruction  of  the  part  of  the  bod}'  concerned, 
obtained  by  replacing  the  sections  in  position,  the  sections 
corresponding  to  the  position  of  the  missile  and  the  track 
leading  thereto  are  selected. 

Application  of  the  depth  measurement  from  the  surface, 
or  observation  of  the  relation  of  the  bone  to  the  surface 
of  the  section  of  the  body  actually  occupied  by  the  missile, 
then  allows  the  definite  anatomical  structure  enclosing  the 
foreign  body  to  be  determined. 

The  structures  involved  throughout  the  entire  length  of 
the  track  may  also  be  worked  out  by  the  employment  of  a 
reconstruction  viewed  from  the  anterior  aspect,  and  another 
viewed  from  the  lateral  aspect.  On  these  the  positions  of 
the  entry  wound  and  of  the  foreign  body  are  marked 
respectivelj'.  If  no  bone  lesion  is  present  the  positions  of 
the  entry  wound  and  of  the  foreign  body  are  connected  by 
a  straight  line.  Where  a  bone  lesion  is  present  the  line  is 
carried  from  the  wound  to  the  bone  lesion  by  a  straight 
line,  and  from  this  point  a  second  straight  line  connects 
the  position  of  the  bone  lesion  with  that  of  the  foreign 
body.  Reference  to  the  anterior  reconstruction  will  then 
give  the  lateral  position  of  the  track  in  any  section,  and 
cefereuce  to  the  lateral  reconstruction  will  give  the  sagittal 
or  antero-posterior  position  in  any  section. 

Crymble  points  out  that  the  method  is  seldom  needed  in 
di;aliMg  with  the  limbs,  but  it  is  more  useful  in  regions  like 
the  hip  or  the  great  body  cavities.  Further,  anatomical 
localization  both  of  the  track  and  the  missile  is  of  e.\treme 
importance  iu  prognosis  and  treatment  in  injuries  to  the 
head,  and  also  affords  a  valuable  means  of  studying  the 
functions  of  the  brain. 
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The  literature  on  the  anaerobes  is  beset  with  so  naany 
contradictory  statements  that  it  is  impossible  to  construct 
from  it  an  "accurate  account  of  the  reactions  of  even  the 
better  know-n  organisms.  Experience  has  shown  that  this 
confusion  is  due  almost  entirely  to  the  investigation  of 
impure  cultures,  for,  with  tlie  establishment  of  a  more 
exact  and  rigorous  technique,  the  features  of  individual 
species  are  found  to  become  more  clearly  defined,  and 
previously  existing  discrepancies  tend  to  disappear  alto- 
gether. 

A  Classification  of  ANAiiROBEs. 
All  the  anaerobes  isolated  from  wounds  are  probably 
faecal  in  origin.  They  give  vigorous  fermentation  re- 
actions iu  the  presence  of  organic  material,  and  according 
to  their  biochemical  activities  they  may  be  divided  into 
two  main  groups — the  saceharolytio  group  and  the 
proteolytic  group. 

I,   The  Saccharolijtic  Group. 
The   members   of   this  group   vigorously   decompose    a 
variety  of  carbohydrates  with  the  production  of  acid  and 
gas,   but   they   are   only   feebly   proteolytic.      The   group 
comprises : 

1.  /)'.    irelcldi.     (Synonyms  :    B.    aeruiienc.^    rniisnhilii.-i     of 

Welch    and    Nuttiill ;  i   B.  per/riniieiix  of  VeiUon  and 
Ziiber  ;2  B,  iihUuiiiintih  enipJuisematcn'ae  of  Fraenltel.-') 

2.  B.lcrtiiis.    iSviionvnis:  Bacitlin:  I'of  Fleming ;'  B.  ton 

Hihlcr  IX  or  />'.  rodella  III  of  Robertson.-'i 

3.  B.  I'alla.r  of  Weinberg,'.'' 

4.  B.'ai'ro/ctidiix  oi  Weinberg.' 

5.  /)'.  ocilciiKilien.'i  of  WeinberjJ.* 

Pasteur's  Vihrion  septiquc  would  seem  to  belong  to  this 
group,  but  it  is  omitted  because  we  have  had  as  yet  no 
opportunity  of  establishing  its  characteristics. 

Tlie  sugar  reactions  which  have  been  founil  to  hold  good 
after  a  long  series  of  observations  are  given  in  the  following 
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abbreviated  table,  and  would  appear  to  furnish  valuable 
evidence  iu  the  differential  diagnosis  of  individual  organ- 
isms from  other  luendjcrs  of  the  group.  There  are  four 
types  of  B.  welchii  whicli  differ  from  each  other  according 
to  their  reaction  in  inuliu  aud  glycerin.  This  finding 
confirms  the  observations  of  Simonds.^  B.  tertius  re- 
sembles B.  icelchii  in  its  sugar  reactions,  but  ferments 
niannite  aud  salicin  in  addition.  B.  a'erofeiidns  does  not 
ferment  saccharose,  aud  B.  fallax  attacks  lactose  only 
after  several  days,  while  B.  ocdeinafifiis  ferments  dextrose, 
levulose,  and  maltose  only,  resembling  the  individuals  of 
the  proteolytic  group  iu  this  respect.  Certaiu  strains  of 
B.  welchii  are  slightly  proteolytic,  and  produce  small 
quantities  of  amiuo-acids,  and  B.  ni-rofcfidns  carries  the 
digestion  of  protein  still  fui'ther,  for  it  produces  a  ver}' 
fetid  odour  iu  cultures.  In  neither  case,  however,  is  the 
proteolytic  activity  at  all  comparable  to  that  which 
characterizes  the  members  of  the  second  group. 
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II.    The  Proteohjlic  Group. 
This  comprises  — 

1.  B.  sjHiniiinies  of  Metchnikoff.w 

2.  B.  histoli/tii-ux  of  Weinberg." 

3.  B.  pKtrini-'ii:^  toU  oi  Bieiistock.'- 

4.  B.  cadavi'riif  xjjorofieni's  oi  Klein. is 

5.  B.  Ivtani  oi  Nikolaier." 

The  individual  members  of  this  group  digest  protein 
very  vigorously,  but  have  a  restricted  range  in  the  matter 
of  carbohydrate  fermentation.  B.  histolijiicus  breaks 
down  protein  as  far  as  the  amiuo-acid  stage,  whereas  the 
other  members  of  the  group  push  digestion  still  further  to 
the  ammonia  stage.  They  all  ferment  dextrose,  levulose. 
and  maltose.  It  is  T[t\:oh3.h\e  tha,t  B.  sporogenes,  B.  jjiitri- 
jicus  coll,  aud  B.  cadaveris  f:porogencs  are  closely  related, 
if  not  identical. 

The  term  B.  oedematis  maligni  of  Koch  is  intentionally 
omitted  from  the  above  list,  for  we  believe  that  the 
organism  described  as  such  by  English  writers  during  the 
war  is  really  B.  sporogenes  of  Metchuikoff.  It  is  signifi- 
cant, too,  that  no  mention  of  Koch's  organism  appears  in 
(jerman  literature  published  since  the  outbreak  of  war. 
Its  ])laco  seems  to  have  been  taken  by  a  bacillus  which 
has  been  described  independently  by  Aschoff'*  aud  by 
Conradi,"J  and  which  is  taken  by  those  observers  to  be  a 
human  form  of  Kauschbrand.  It  is  of  interest  iu  this 
connexion  to  note  that  Nicolle,"  as  the  result  of  serological 
tests,  considers  the  I'ibrion  .leptiqne  of  Pasteur  to  be 
closely  allied  to,  if  not  identical  with,  the  bacillus  of 
Kauschbrand.  The  organism  of  Couradi  aud  Aschoff  is 
said  to  produce  in  animals  a  solid  oedema  of  the  type 
which  is  so  characteristic  of  Weinberg's  B.  oedematiens, 
but  the  strong  saccharolytic  powers  attributed  to  it 
distinguish  it  from  the  latter. 

The  Incidence  of  AN.iiiROBEs  in  War  Wounds. 
The  production  of  a  gaseous  cellulitis  in  the  tissues 
surrounding  a  wound  is  practically  certain  evidence  of 
anaerobic  infection,  although  it  must  be  noted  that  the 
infiltration  of  gas  may  often  out-distance  the  microbic 
invasion  in  the  tissues.  It  is  not  uncommon  to  find  no 
microscopical  or  cultural  evidence  of  organisms  iu  the 
oedema  fluid  taken  from  crepitant  subcutaneous  tissues 
at  some  distance  from  the  wound.  Another  feature  of 
anaerobic  growth   is  the  necrosis  it  produces  iu  the   in- 


vaded part.  Quite  apart  from  wounds  which  show  these 
clinical  manifestations,  the  majority  of  open  wounds 
treated  at  a  base  hospital  in  France  give  cultural  evidence 
of  the  presence  of  anaerobes.  Out  of  100  open  septic 
wounds  of  all  grades  of  severity  examined  at  intervals  of 
from  two  to  twenty-two  days  after  the  receipt  of  the 
injury  two-thirds  showed  the  presence  of  B.  welcJiii.  aud 
almost  one-half  showed  the  presence  of  B.  sj>orogcnes  (see 
Table  II).  It  is  unusual  to  find  only  one  anai^robe  in  a 
wound.  In  the  vast  majority  of  cases  the  anaerobe  infec- 
tion is  a  mixed  one,  the  most  frequent  combination  being 
B.  irelchii  with  B.  spitrorjenes. 

In  contradistinction  to  these  opeu  wounds,  we  have  had 
the  opportunity  of  examining  a  large  series  of  bloody 
effusions  resultiug  from  penetrating  wounds  of  the  pleura 
and  lung.  In  most  of  the  ojjen  septic  wounds  the  anaerobes 
are  implanted  into,  or  come  in  contact  with,  damaged 
muscle,  whereas  iu  the  thoracic  injuries  just  mentioned' 
which  might  be  looked  on  as  closed  wounds,  the  organisms 
carried  in  have  to  develop  in  a  collection  of  ordinary 
blood.  Out  of  500  specimens  of  haemothorax  fluid 
examined,  195  proved  to  be  septic,  aud  44.6  per  cent,  of 
these  were  infected  with  anaerobes.  Here,  again,  B.  ivelchii 
is  the  most  common  infecting  anaerobe,  and  the  com- 
bination of  this  organism  with  B.  sporot/enes  is  frequent. 

The  anaerobes  tend  to  remain  localized  to  the  tissues 
during  life,  aud  it  is  ouly  seldom  that  they  can  be  found 
iu  the  circulating  blood.  On  the  other  hand,  cases  have 
been  recorded  from  time  to  time  of  so-called  metastatic 
gas  gangrene  in  which  anaerobes  have  developed  in  some 
position  at  a  distance  from  the  infected  tissue.  This  would 
seem  to  occur  in  a  focus  which  has  suffered  slight  damage, 
as  from  continuous  pressure  or  from  the  introduction  of  a 
hypoderunc  needle,  aud  it  is  certain  that  the  organisms  must 
have  been  conveyed  through  the  blood  stream.  It  is  quite 
frequent,  however,  for  anaerobes  to  become  disseminated 
through  the  blood  stream  immediately  before  death.  Out  of 
40  cases  in  which  death  resulted  from  wounds  which  were 
13roved  to  be  infected  with  anaerobes,  the  heart  blood  taken 
from  one  to  twenty  hours  after  death  gave  a  ijositive 
cultural  result  on  tweuty-five  occasions.  In  20  of  these  cases 
B.  welchii  was  found  (that  is,  in  80  per  cent.),  aud  in 
15  (that  is,  60  per  cent.)  B.  aporocjsnes  was  present. 

T.\BLE  II. 


Total  1  fT^fai      Infected        Infected 

Exain-  oimic         '"''''''  '"'"^  ^• 

ined.   (      *  Anaerobes.,    welchii. 


Opeu  wounds  2  to  j     100 
22  days  old 


Haemothorax       500 
Huids 


Post-mnrtem  heart 
blood 


Infected 

with  B. 

sporogenes 


100      I        72%        t        66%  48% 

195         87  ^  44.6%  ,  71  =  36.4%  |  14  =  7.1% 
36         25  =  69.4%  I  20  =  55.5%  I  15  =  41.6% 


The  Pathologic.\l  Process  Produced  by  Anaerobes 
IN  THE  Tissues. 

The  incidence  of  anaerobic  infection  in  wounds  during 
the  present  war  would  seem  to  be  determined  by  two 
factors.  The  first  is  the  unavoidable  soiling  of  a  wound  by 
earth  or  by  clothing  infected  with  faecal  organisms. 
Secondly,  the  destruction  of  tissues  produced  iu  aud  around 
a  wound  by  the  modern  missile  gives  rise  to  just  those 
conditions  which  are  most  favourable  for  anaerobic 
growth. 

The  implantation  of  anaerobes  in  a  focus  of  dead  organic 
material  is  directly  comparable  to  the  inoculation  of  an 
artificial  culture,  and  it  is  for  this  very  reason  that  a 
laboratory  study  of  the  activities  of  anaerobes  in  artificial 
media  is  of  service  in  determining  the  nature  of  the  earlier 
pathological  processes  wdiich  follow  infectiou  of  the  tissues. 
In  the  wound,  just  as  in  the  test  tube,  the  members  of  the 
carbohydrate  splitting  group  of  anaerobes  are  the  first  to 
develop.  The  glycogen  which  is  fouud  iu  living  healthy 
muscle  is  rapidly  converted  after  death  iuto  dextrose  aud 
a  small  fraction  of  isomaltose.  Both  these  substances  are 
vigorously  fermented  by  such  an  organism  as  B.  welchii, 
aud  it  is  because  of  their  presence  that  the  organism  iu 
question  so  readily  establishes  itself  iu  damaged  muscle. 

This  early  fermentation  in  muscle  results  in  the  forma- 
tion of  acid  and  gas.     The  latter  consists  of  a  mixture  of 
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cai'bon  dioxido  tiiu(  of  liyi|[ii;^('[i  in  varyiii;^  pfoijortioiis.  It, 
often  develops  with  astonishing'  rapidity,  and  may  become 
cliuically  evident  t'oui-  to  six  honi's  after  the  receipt  of  tlio 
wound.  Tlie  appearance  of  ci'opitation  in  the  sniicutaneous 
tissues  is  pi-obably  due  to  j^as  wliich  has  escaped  from  sub- 
jacent infected  muscle. 

The  una  may  accunuila.te  under  considerable  pi'essiire, 
and,  in  so  doiuji,  it  adds  to  the  endjai'rassnient  of  a 
circulation  wliich  is  already  impeded  by  the  presence  of 
inflammatory  exudate. 

Coincident  with  the  production  of  "as  is  a  formation  and 
sotting  free  of  various  organic  acids.  The  acids  whicli 
occur  in  the  in  vitro  fermentation  of  carbohydrates  by 
B.  icclcliii  retard  and  finally  inhibit  the  growth  of  the 
organism,  and,  unless  there  is  a  high  amount  of  available 
protein  present,  the  culture  dies  out  rapidly.  If,  however, 
some  method  be  adopted  of  neutralizing  the  acid  as  that 
is  formed,  as,  for  example,  by  the  addition  of  calcium  or  of 
magnesium  carbonate  to  the  culture,  then  the  growth  is 
not  only  much  more  luxuriant  but  its  vitality  is  considerably 
increased. 

In  infected  tissues  such  a  neutralization  is  brought  about 
by  the  inflammatory  exudate,  for  the  buffer  salts  of  the 
serum  constitute  an  absorbing  reservoir  which  will  take  up 
any  excess  of  free  acid,  and  it  is  only  when  this  consider- 
able reserve  is  used  up,  if  ever  this  does  liappen,  that  one 
can  expect  to  find  an  increased  hydrogen  ion  content  of 
the  circulating  blood. 

There  is,  liowever,  anotlier  contributing  factor  to  the 
neutralization  of  acid,  a  factor  which  comes  into  operation 
in  the  later  stages  of  bacterial  growth.  Tlie  early  rapid 
growth  of  the  saccharolytic  group  is  succeeded  by  the 
more  gradual  development  of  members  of  the  proteolytic 
group.  The  protein  constituents  of  the  damaged  tissues 
are  attacked  by  the  digestive  ferments  elaborated  by 
organisms  of  this  second  group,  and  are  broken  down  by 
successive  stages.  The  final  product  consists  largely  of 
ammonia  bodies,  and  it  is  these  that  help  to  counteract  the 
acids  resulting  from  carbohydrate  degradation. 

It  is  probably  just  at  this  point  that  certain  saccharo- 
lytic organisms  become  proteolytic,  and  throw  in  their  lot 
with  the  real  tissue  digesting  organisms. 

The  gas  formed  in  the  proteolytic  stage  of  wound 
infection  is  malodorous  because  of  the  development  of 
sulphuretted  hydrogen  and  certain  volatile  bodies. 

It  is  probably  during  the  proteolytic  period  also  that 
the  toxic  products  are  elaborated  which  give  rise  to  the 
clinical  condition  of  toxaemia.  It  is  very  unlikely  that 
such  a  condition  is  established  as  the  result  of  carbo- 
hydrate fermentation.  The  clinical  picture  of  a  man  dying 
with  anaerobic  toxaemia  is  chiefly  that  of  a  rapidly  pro- 
gressive circulatory  failure,  and  death  may  come  so 
abruptly  that  it  is  often  falsely  ascribed  to  pulmonary 
embolism.  It  never  bears  a  resemblance  to  that  state  of 
"air  hunger  "  which  clinical  pathologists  have  proved  to  be 
associated  with  blood  acidosis. 


One  may,  then,  suiiim;iri/.e  tin;  pathological  pnjoosses  in 
an  anaerobe  infected  wound  as  being  chara(;terized  by  two 
main  features --the  production  of  gas  and  the  death  of 
tissues  hlach  of  the  two  main  groups  of  anaerobes  above 
defined  luis  its  share  in  these  processes,  and  the  succes- 
sive stages  by  which  an  anai'robi;  infection  develops  may 
bo  thus  summarized  : 

1.  The  initial  trauma  in  determining  the  death  of  tissue 
establishes  a  focus  for  growth.  This  is  characterized  by 
the  latent  period,  which  precedes  any  obvious  clinical  signs 
of  anaerobic  infection. 

2.  The  first  active  phase  of  anaih'obic  infection  consists 
in  the  development  of  the  rapidly  growing  saccharolytic 
organisms,  of  whicli  li.  ivelchii  is  the  chief.  It  is  because 
of  the  richness  of  iiiusclo  in  fermentable  carbohydrate 
that  this  tissue  provides  such  favourable  conditions  for  the 
growth  of  organisms  of  the  saccharolytic  type.  Their 
development  results  in  the  production  of  acid  and  gas. 
Tlio  gas  accumulates  first  in  the  muscle  and  reaches  tlie 
subcutaneous  tissues  by  escape  from  the  muscle.  The 
jiressure  produced  by  gas  and  also  by  inflammatory  oedema 
fluid  leads  to  an  anaemic  condition  in  the  tissues  sur- 
rounding a  wound,  and  this  change  initiates  the  second 
active  period  of  auain-obic  invasion.  The  muscle  in  the 
saccharolytic  period  is  of   a  brick-red  colour. 

3.  The  second  phase  of  anaerobic  infection  in  a  wound 
consists  in  active  proteolytic  digestion.  This  is  character- 
ized by  death  and  digestion  of  the  tissues.  The  process  is 
accompanied  by  the  formation  of  sulpluiretted  hydrogen 
and  of  volatile  substances,  which  give  the  penetrating 
putrefactive  odour  so  typical  of  the  later  stages  of 
infection.  The  previously  red  muscle  becomes  soft  and 
diffluent.  It  may  be  stained  black  by  a  sulphide  of  iron 
formed  by  the  interaction  of  sulphuretted  hydrogen  with 
the  iron  released  from  broken-down  haemoglobin.  The 
toxaemia  which  develops  at  this  period  results  from  the 
absorption  of  toxic  substances  produced  in  the  breaking 
down  of  the  protein  molecule,  and  cannot  be  attributed 
to  the  acid  which  is  formed  in  the  breaking  down  of  the 
carbohydrate  molecule. 

4.  The  final  phase  is  that  of  successful  bacterial  invasion 
of  the  blood  stream.  It  occurs  in  most  cases  just  at,  or 
immediately  preceding,  the  death  of  the  individual. 

Referexces. 

'  Welch  and  N"iitta,U,  Bull.  Johns  Hopkins  Hasp..  1892.  iii,  81. 
-  Veillou  and  Zuber.  Arch,  de  7yUd.  cxper,  et  d'auat.  jiath..  189S,  511. 
SFraenkel,  Centralbl.  f.  Bakt.,  1893.  xiii.  13.  J  Flemins.  Lancet, 
September  IStli.  1915.  5  Robertson,  Jr.urii.  of  Path,  and  Bact..  1916. 
\x.  327.  s  Weinbera.C.B.  Sue.  de  Biol.,  l.-csviii.  686.  1913.  "  Weinberg, 
ibid.,  Ixxix,  116.  1916.  «  WeinberR,  ibid.,  ivxviii,  507.  1915. 
9  Simouds,  Memo.  Rockefeller  Inst..  No.  5,  1915.  ^"^  Metchnikotf.  .4«H, 
de  V last.  Pasteur.  \xn.<32<3.  1908.  '' Woiuberg,  C.  B.  Acad,  des  Sci., 
olxiii.  449,  1916.  '-  Bienstock.  Anyi.  de  VInst.  Pasteur,  xx.  407.  1906. 
'^Kleiu,  .\nn.  Rep.  Med.  Off.  h.  G.  Board,  xxxi.  404.  1901-02. 
^^  Nikolaier,  luaug.  Diss..  Gottingen,  1885.  ^^  .\schoff,  Fraukel.  Konigs. 
feld,  and  Frankenthal.  Deut.  med.  Woch.,  16,  469-71:  17.  512-15.  1916. 
1"  Conradi  and  Bieling,  Mnench.  med.  Woch.,  4.  115-37;  5.178-82;  28- 
1023-25  ;  29. 1068-70.  1916.  "  NiooUe.  Cesari,  and  Raphael,  Ann.  de  VInst. 
Pasteur,  xxix.  165. 1915. 


CHAPTER    VIII. 


MILITARY    ORTHOPAEDIC    HOSPITALS. 


W.  COLIN  MACKENZIE,  M.D., 

membicn  of  the  council  of  the  anatomical  society  of  great  britain  and  leeland,  and  of  the  suhgical  staff, 
Military  Orthopaedic  Hospital,  Shepherd's  Bush,  London. 


PART  I.— PRINCIPLES  AND  TREATMENT. 
The   contributions    made   to    sui'Kical    science    by    Great 


science 
Britain  iu  tlie  last  Imndred  or  huudi'ed  and  twenty  yeai's 
have  placed  the  world  foi'  ever  under  a  debt  to  the  savants 
of  this  countr}'.  The  discovery,  about  the  year  1799,  by  Sir 
Huinpliry  Davy  that  anaesthesia  could  be  induced  by 
vapour  inhalation  and  the  suggestion  that  nitrous  oxide 
might  be  used  with  advantage  during  surgical  operations  ;• 
the  introduction  o£  the  antiseptic  system  by  Lister,  and 
the  publication  o£  the  Origin  of  Species  by  Darwin  whicli 
firmly  established  tlie  principles  of  the  law  of  evolution — 
these  all  effected  a  complete  revolution  on  medical  thought 
both  as  regards  its  theory  and  its  practice.  To  show  how 
great  the  revolution  was  a  reference  may  be  made  to 
Lister's  papers  and  more  especially  to  the  3'ear  1873.-  At 
that  'time  a  Scottish  medical  student  was  receiving  his 
training  in  surgical  wards  from  which  hospital  gangrene, 
blood  poisoning  and  erysipelas  had  been  banished,  and  he 
was  witnessing  operations  under  chloroform  anaesthesia, 
the  mortality  from  which  in  Syme's  first  series  of  5,000 
cases  was  nil.  In  anatomy  not  only  could  he,  like  Hunter, 
study  man  in  relation  to  tlie  animal  world,  but,  thanks  to 
the  genius  of  Darwin,  could  study  each  animal  in  its 
sequence  to  some  other.  The  law  and  order  of  function 
and  structure  took  the  place  of  chaos. 

It  is  interesting  to  note  that  about  that  time  a  com- 
mission was  sent  to  Edinburgh  from  Germany  under  Lind- 
painter.  The  wards  of  the  hospitals  of  that  country  were 
foul  with  sepsis,  and  the  magnificent  hospital  in  Munich 
was  about  to  be  destroyed  owing  to  the  prevalence  of  blood 
poisoning,  80  per  cent,  of  all  wounds  being  affected  by 
hospital  gangrene.  From  this  country,  after  a  year  spent 
in  acquiring  principles  and  methods,  the  German  Com- 
mission took  away  a  sound  knowledge  of  the  antiseptic 
system,  anaesthesia,  and  of  comparative  biology — the 
three  factors  to  which  modern  surgery  owes  its  existence. 
After  Lindpainter's  return  from  Edinburgh  not  a  single 
case  of  hospital  gangrene  occurred  in  tlie  Munich 
Krankenhaus,  and  pyaemia  and  erysipelas  were  banished. 

The  effects  on  surgery  of  the  introduction  of  the  anti- 
septic— or,  as  called  later,  the  aseptic — system  were  imme- 
diate. Its  greatness  was  recognized  throughout  the  world, 
and  everywhere  surgical  wards  and  operating  theatres  were 
modelled  on  the  British  principle.  The  cranium,  thorax, 
and  abdomen  could  now  be  explored,  and  cases  always 
regarded  formerly  as  liopeless  were  rendered  curable. 

Unfortunately,  the  simplicity  and  power  of  the  antiseptic 
system  was  not  unassociated  with  danger.  It  placed  a 
force  iu  the  hands  of  men  wdio  were  apt  to  forget  that 
a  knowledge,  if  not  of  comparative,  at  least  of  human 
anatomy  was  the  essential  basis  of  all  surgical  treatment. 
If  Lister  regarded  surgical  treatment  as  largely  a  question 
of  asepsis,  it  was  because  he  recognized  sepsis  as  surgery's 
curse,  against  which  be  bent  his  titanic  energies,  and  over 
which  he  finally  triumphed.  Listerism  was  associated 
with  action.  In  itself  it  did  not  convert  the  practice  of 
surgery  from  an  art  into  a  science. 

Why  Britain's  contribution  to  surgery  stands  unequalled 
is  that  not  only  did  it  introduce  to  the  world  the  anti- 
septic or  operative  system  but  also  its  complement — the 
conservative  system.  Not  only  did  it  offer  the  world  a 
system  by  which,  for  example,  a  tuberculous  joint  could 
be  excised  or  explored  without  risk  of  sepsis,  but  also  a 
method  by  which  the  joint,  treated  conservatively,  could 
be  absolutely  cured.  This  complement  we  owe  to  a 
Welshman  whose  greatness  is  now  only  beginning  to  be 
generally  recognized,  and  whose  life,  "teeming  with  good 
deeds  done,"  was  prematurely  cut  off  at  the  early  age 
of  57.  I  allude  to  Hugii  Owen  Thomas  of  Liverpool, 
of  whom  Professor  Steele,  the  eminent  American  ortho- 
paedic surgeon,  in  his  oration  on  Thomas  delivered  before 
the  Orthopaedic  Congress  at  Washington,''  said :  "  In 
orthopaedic    surgery    more    of    originality   and   practical 
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therapeutic  suggestion  lias  been  given  by  no  one.  I  have 
greatly  enjoyed  perusing  his  works,  and  it  has  not  been 
without  profit ;  I  trust  that  what  he  has  left  in  print  will 
be  found  iu  the  library  of  every  member  of  our  Association, 
for  from  no  single  source  within  our  own  times  has  so- 
much  of  orthopaedic  originality  and  suggestive  practice 
emanated." 

As  Thomas's  work  was  so  bound  up  with  the  principles 
of  muscular  action,  and  as  we  recognize  that  the  restora- 
tion of  muscular  function  to  the  normal  is  the  foundation 
of  all  ortlioi^aedic  treatment,  whether  active  or  passive — 
and  this  applies  equally  to  injury  of  muscle,  nerve,  nerve 
centre,  joint  or  bone — a  reference  is  necessary  to  certain 
fundamental  principles  connected  with  nerve  and  muscle 
discovered  in  this  country,  so  that  the  position  of  Thomas 
can  be  clearly  defined. 

Professor  Keith  has  told  us  that  Hunter  devoted  a  large 
amount  of  his  time  to  the  study  of  muscle  and  bone,  and 
first  distinguished  between  nerves  of  ordinary  sensation 
and  nerves  of  special  sense.  Hunter's  Croonian  Lectures* 
on  the  physiology  of  muscular  motion  probably  constitute 
his  most  important  work.  In  studying  movement  not  only 
did  he  go  to  the  lowest  forms  of  the  Invertebrata,  but  also 
to  the  vegetable  world,  just  as  in  investigating  form  he 
studied  crystals.  Hunter  differentiated  atrophy  of  muscle 
from  disuse  as  well  as  from  disease.  He  dift'erentiated 
between  velocity  and  force  of  action,  and  dealt  with  the 
adaptation  of  muscle  to  joint,  and  of  muscles  going  over 
more  joints  than  one. 

He  recognized  that  relaxation  of  muscle  was  a  power 
as  much  depending  on  life  as  contraction,  and  not,  as  had 
been  previously  taught,  a  simple  cessation  of  action. 
The  state  of  rest  he  regarded  as  the  state  of  inaction. 
"  The  elongation  of  a  muscle  is  not  the  immediate  result 
of  its  relaxation."  Thus,  if  we  take  such  an  apparently 
simple  movement  as  flexion  of  the  finger,  the  stimulus 
w'hicli  excites  contraction  of  the  flexors  produces  also  a 
relaxation  of  the  opponent  extensors.  The  flexors  by  their 
contraction  become  the  elongators  of  the  relaxed  extensors, 
and  these  relaxed  and  elongated  extensors  become  by  their 
subsequent  contraction  the  cause  of  elongation  of  relaxed 
flexors.  These  two  grou^is  Hunter  defined  as  "  Reciprocal 
Elongators." 

These  reciprocal  elongators,  then,  by  their  mutual 
action  on  each  other  bring  out  a  middle  state  between 
the  extremes  of  contraction  and  elongation,  which  is 
the  state  of  ease  or  tone  in  both.     Either  extreme  of 
motion  leaves  the  muscle  in  an  uneasy  state.    We  find, 
then,  that  as  soon  as  any  set  of  muscles  cease  to  act,  the 
elongators,  whicli  were  stretched  during  their  action, 
are  stimulated  to  act  in  order  to  bring  these  parts  into 
a  state  furthest  removed   from   the   extremes   which 
were  uneasy  and  by  which  the  stimulus  arising  from 
botli  is  equally  balanced.     The  elongated  state  of  a 
muscle  is  an  uneasy  state — a  muscle,  therefore,  that  is 
stretched,  although  iu  a  relaxed  state,  is  uneasy,  and 
will  contract  a  certain  length  to  what  is  probably  the 
middle  state. 
We   recognize   that   a   muscle   which   has   relaxed   and 
elongated  pari  passu  with  the  contraction  of  its  opponent 
cannot  at  the  same  time  be  in  a  state  of  contraction.     If 
the  extensor  communis  digitorum  extended  the  two  distant 
phalanges  we  could  not  have  extension  of  the  metacarpo- 
phalangeal joint  with  flexion  of  the  iuterphalaugeal  joints. 
Yet  we  can  readily  perform  this.     Nor  could  we  have  ex- 
tension of  the  iuterphalangeal  joints  with  flexion  of  the 
metacarpoplialangeal,  yet  this  normally  also  can  be  per- 
formed.   A  muscle  cannot  at  one  time  help  the  extenders 
and    at    another    the    benders.     To   allow    the   opponent 
flexors   to   act,   it,    as   an   extender,  becomes  relaxed  and 
elongated.     Then,  in  some  extraordinary  way,  this  relaxed 
muscle  fibre  is  supposed  at  the  same  time  to  be  contracted 
and  shortened  to  help  the  flexors. 

Following    shortly   after    Hunter     came    the    brilliant 


MILITARY    ORTIIOPAKDIC    HOSI'ITALS. 


79 


researches  of  Charles  Hell,  whose  classical  work  oii  the 
nervous  system  undoubtedly  forms  the  basis  of  our  know- 
ledge of  the  physiology  of  the  subject.  For  his  work  on 
respiration  aloue  Bell's  fame  could  stand.  15ut  ISoU  did 
luoro  than  that.  In  his  own  words  he  thus  tlcscribes  his 
great  discovery.' 

I  have  now  only  to  add  that  my  opinions  and 
experiments  have  been  foUoweil  up  (o  thit  salisl'ac- 
tiou  of  all  Kuropc.  It  has  now  been  acknowledged 
that  the  anterior  roots  of  the  spinal  nerves  bestow  the 
power  of  muscular  motion,  and  the  posterior  roots 
sensibility.  When  the  anterior  roots  of  the  nerves  of 
the  leg  are  cut  iu  experiment,  the  animal  loses  all 
power  over  the  lefj,  although  the  linil)  still  continues 
sensible.  But  if,  on  the  other  hand,  the  posterior 
roots  are  cut.  the  power  of  motion  continues  although 
the  sensibility  is  destroyed.  When  the  posterior 
column  of  the  spinal  marrow  is  irritated  the  animal 
evinces  sensibility  to  pain,  but  no  apparent  effect  is 
produced  when  the  anterior  column  is  touched. 

In  the  year  1832  Bell's  experiments  were  followed  by 
the  discovery  in  London  by  JIarshall  Hall  of  the  reflex 
function  of  the  medulla  oblongata  and  medulla  spinalis. 
In  addition  to  the  three  modes  of  muscular  action  pre- 
viously recognized — namely,  voluntary,  that  of  respiration, 
and  the  involuntary — Marshall  Hall  recognized  a  fourth, 
namely,  the  reflex  action. 

The  first  three  modes  of  muscular  action  are  known 
only  by  actual  movements  or  muscular  contraction. 
But  the  reflex  function  exists  as  a  continuous  muscular 
action,  as  a  power  presiding  over  organs  not  actually 
in  a  state  of  motion,  preserving  in  some,  as  glottis,  an 
open  and  in  others,  as  sphincters,  a  closed  form,  and  in 
the  limbs  a  due  degree  of  eijuilibrium  or  balanced 
muscular  action. 

Not  only  did  Marshall  Hall  discover  and  define  "  refle.x 
action  "  but  recognized  the  reflex  function  as  the  source 
of  equilibrium  in  the  muscular  system.  His  original  paper, 
read  before  the  Eoyal  Society,''  iu  which  his  experiments 
are  detailed,  should  form  part  of  the  armamentarium  of 
all  orthopaedic  students.  Then  will  they  recognize  iu  true 
perspective  the  work  of  the  minor  satellites  who  have 
audaciousl}'  associated  their  names  with  side  issues  of  this 
great  discovery. 

The  basic  principle  of  the  study  of  anatomy  during  the 
time  of  the  Hunters  and  the  Bells  was  function.  Largely 
through  the  influence  of  Cuvier  in  France  and  Oweu  iu 
this  country — although  the  latter  was  curator  of  the 
Hunterian  Museum — the  study  of  the  functional  system 
was  superseded  by  that  of  the  structural,  and  it  is  idle  to 
deny  that  the  descriptive  method,  with  its  pernicious 
examination  backing,  accounts  for  the  negligence  with 
which  not  merely  comparative  but  human  anatomy  is 
studied.  As  Charles  Bell  himself  wrote:  "The  one  chief 
purpose  in  studying  the  anatomy  of  the  human  body  is 
to  understand  its  functions  and  to  compare  them  with 
those  of  other  creatures  till  we  arrive  at  last  at  some 
distinct  conception  of  the  whole;  of  the  various  structures 
of  animals  and  vegetables ;  and  of  the  various  functions 
which  in  each  of  these  classes  support  life  and  action,  and 
through  it  the  principle  of  life." 

With  the  publication  of  the  Orir)in  of  Species  and  the 
placing  of  the  Law  of  Evolution  on  an  unassailable  basis 
a  new  weapon  for  the  study  of  function  was  placed  in  the 
hands  of  the  medical  profession.  Function  could  now  be 
studied  from  the  point  of  view  of  correlation,  and  structure 
from  the  point  of  view  of  necessity.  Yet  even  this  mighty 
impetus  has  so  far  failed  to  slacken  the  hold  of  the  de- 
scriptive system  on  the  medical  curriculum,  although  in  the 
last  few  years  there  are  all  the  evidences  of  change.' 

Unfortunately  the  descriptive  system  received  in  the 
antiseptic  system  a  powerful  ally.  Cleanliness,  a  know- 
ledge of  technique,  and  of  position  of  the  main  bodily 
structui'es,  have  for  the  last  half-century  constituted  the 
main  armamentarium  of  the  operating  surgeon. 

To  concentrate  our  attetition  on  function  as  embodied  by 
conservatism  was  the  ideal  which  H.  O.  Thomas  formulated. 
For  that  ideal,  unpopular  then  as  now,  he  fought  through- 
out his  all  too  short  life.  It  was  a  fight  that  required  a 
man  with  giant  energies  and  an  unswerving  belief  in  his 
own  principles.  With  what  contempt  must  the  young 
surgeon  have  looked  on  Thomas,  who,  discarding  the  ease 
witii  which — thanks  to  anaesthesia  and  antisepsis — a  joint 
could  be  excised,  preferred  to  "  cure "  the  joint  by 
scientific  rest.     His  death,  just  as  in  Hunter's  case,  excited 


little  interest  in  his  own  country.  Not  so,  however,  in 
America  and  Australia,  where  the  scientific  value  of  his 
principles  was  well  known.  The  mists  of  prejudice  are 
now  becoming  cleared  from  men's  eyes  as  it  is  realized 
more  and  more  that  Thomas's  principles  ondjody  the 
ai)|>lication  of  the  functional  method  to  practice.  This, 
after  ail,  is  the  only  scientific  method,  because  it  is 
fi^unded  on  the  basis  of  the  true  anatomy — namely,  the 
biological  or  comparative. 

Thomas  nuide  in  all  ten  contributions  to  medical  science, 
and  of  these  the  most  important  are  The  Principles  of  the 
Treatment  of  Joint  Disease,  and  Tlie  Principles  of  the 
Treatment  of  Fractures  and  Dislocations.  He  can  be 
regarded  as  the  apostle  of  the  conservative,  or  rest  treat- 
ment of  joints,  bones,  and  muscles — not  surgical  rest,  so 
called,  but  anatonncal  rest.  He  knew,  of  course,  that 
complete  rest  could  only  be  attained  post  mortem.  In 
his  methods  he  aimed  at  effective  immobilization, 
abolition  of  concussion,  and  avoidance  of  pressure. 

To  his  medical  knowledge  he  added  a  sound  acquaint- 
ance with  the  [principles  of  mechanics  and  mathematics. 
The  keynote  of  his  work  is  to  be  found  in  his  knowledge  of 
the  physiology  of  muscular  action.  Thomas  recognized 
that  iu  inflammation  of  a  joint  the  altered  position  relative 
to  the  normal  which  the  parts  comprising  the  joint 
assumed  was  due  to  muscular  action  and  not  to  so-called 
increased  tension.  Increased  tension  he  knew  could  not 
cause  movement.  He  looked  on  muscles  as  sentries  need- 
ing control  but  not  structures  to  be  forcibly  stretched  or 
subcutaneously  divided,  as  was  taught. 

Hip  and   other    joint   deformities   accompanied    bj- 
inflammation   arise    mainly   from    the    effort    of    the 
patient  by  the  exercise  of  his  will  to  pose  the  limb  in 
the  easiest  position  and  fix  the  articulation,  without 
which  ease  could  not  be  gained.     Knee-joints  are  not 
infrequently  presented  to  the  surgeon  suffering  from 
liquid  distension  only,  which  the   muscles   appear  to 
know,   for   there   is   an   absence   of  any  deformity  as 
there  is  no  special  muscular  intervention.     The  articu- 
lation,   however,    is    fixed    more    effectively   by    art 
than  by  the  natural  method  of  muscular  action.     In 
fact,  a  through  fixation  of  a  diseased  joint  is  a  physical 
method  of   physiologically  suspending  or  disconnecting 
for   a  time   muscle  influence   from  a  joint,   and   this 
inhibition  of   muscular  interference  will  be  the  more 
complete  just  in  proportion  to  the  practical  efficiency 
of  mechanical  aid. 
Rest   of   the   joint   was   secured   by  controlling  all  the 
muscles  which  produce  or  tend  to  produce  movement.     He 
rested   the  joint  in   the  position  naturally  assumed  in  the 
inflamed  condition  owing  to  muscular  action,  the  deformity 
being  reduced   gradually  as  the  joint  recovered.     He  gave 
relief  to  the  unhealthy  portion  by  action  on  the  health}- — 
that  is,  he  attached  his  controlling  appliance  to  the  souud 
portions  only  of  the  limb  to  which  the  diseased  articula- 
tion   belonged,    aud    not   as   was   usually   advised   to  the 
diseased  part,  inasmuch  as  he  knew  that  in  this  way  the 
diseased  area  was  subjected  to  pressure.     Traction  in  the 
line  of  deformity  he  knew  would  be  endless  traction  aud 
that  it  was  impossible  tor  a  flexed  hip-joint  to  have  its 
angle  from  the  plane  reduced  if  the  traction  were  constantly 
at  that  angle. 

No  matter  what  the  primary  cause  of  the  disease 
in  a  joint,  whether  it  be  induced  by  trauma,  struma, 
syphilis,  gonorrhoea,  or  rheumatism,  rest  cannot  be 
dispensed  with,  for,  if  surgery  does  not  step  in,  Nature 
is  sure  to  intervene  by  the  muscular  method,  knowing 
that  arrest  of  motion  is  the  one  thing  needful  before 
all  others.  In  man's  evolution  it  was  his  only  chance 
of  recovery  from  hip-joint  inflammation. 

It  was  his  practice  when  treating  a  diseased  articulation 
by  enforced  rest  never  to  test  for  motion  so  long  as  resolu- 
tion of  the  disease  was  not  seemingly  established,  and  then 
iu  the  gentlest  manner  possible.  No  amount  of  rest,  he 
knew,  would  produce  ankylosis  in  a  joint  free  of  disease.  It 
might  produce  stiffness,  which  is  only  a  trivial  and  temporary 
hindrance.  Between  a  stiff  aud  an  ankylosed  joint  is 
no  analogy  beyond  the  absence  of  motion.  Plis  views  on 
ankylosis  of  joints  were  years  aliead  of  his  time. 

In  the  condition  of  diseased  articulation  we  find 
inflammation  and  the  accident  attendant  on  it — 
namely,  deformity.  To  the  treatment  there  can  only 
be  applicable  the  principle  that  the  most  perfect  and 
continuous  practical  immobility  should  be  enforced 
so  long  as  unsoundness  is  known  to  exist.  To  this 
principle  there  is  no  exception.    The  more  completely 
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an   unsouncT  Joint   is   maintained   at  rest,  if  tlie  rest 
ai'rests  trictioii   and  removes  pressure,  the   sooner  it 
will  become  sound  and  able  to  endure  pressure  and 
friction,    the    piobability    of    ankylosis   remaining   is 
diminished,   but   if  auliylosis   results — and    it   cannot 
always    be    avoided — it    should    be    accepted    not  as 
evidence   of    defective  treatment,   but    rather    as  an 
indication  of  the  intensity  of  the  disease.     The  pur- 
pose of  treatment  should  not  be  to  induce  ankylosis, 
as  is  so  often  done  under  the  supposition  that  such  a 
limb  is  better  suited  to  the  wear  and  tear  of  use,  or 
that  relapse   and    recurrence   were    not   so   liable   to 
happen  if  ankylosis  of  an  articulation  occurred.     An 
unsound  ankylosis  is  quite  as  liable  to  retrogression 
with    motion    as    an    unsound    joint.      Deformity    is 
evidence  of  Nature's  attempts  to  secure  rest  for  the 
articulation  by  Hxation   of  the   joint.     It  is  Nature's 
mode  of  immediate   help.     Ankylosis  is  Nature's  re- 
serve assistance.     Ankylosis  prepares  to  fix  the  joint 
when  the  method  by  muscular  control  begins  to  fail. 
The  surgeons  of  the  past  Judged  deformity  to  be  an 
unavoidable  defect,  and  ankylosis  as  often  a  necessary 
evil.     But  deformities  are    avoidable,   and  ankylosis  ' 
is  in  no  instance  to   be  desired,  though   it    may   be 
in    the    presence  of    certain   conditions  an   unavoid- 
able termination.     The   fact  that  there  has  hitherto 
been    no    sure    test     of     recovery    has     led    to    the 
belief  that  joints  which   have   been  excised  are  less 
prone  to  subsequent  trouble   from  recurrence   of  un- 
soundness.    It  has  always  been  a  favourite  argument 
that  without  excision  the  diseased  joint  is  the  subject 
of  frequent  and  unexpected  relapses,  whereas  the  real 
cause  of  relapse  has  been  the  fact  that  treatment  was 
in  past  time  suspended  ere  soundness  of  the  articula- 
tion had  been  secured. 
Thomas   was  careful  to  distinguish   clinically  between 
healthy,  inflamed,  aukylosod  inflamed   or  unsound,  anky- 
losed  but  sound,  sound  or  recovered,  and  deformed  joints. 
In  an  unsound  ankylosis    progressive  and    evident 
motion  will  follow  use  if  the  limb  in  which  the  anky- 
losis exists  be  employed  for  its  usual  purpose,  while  in 
an  ankylosed    but  sound   articulation  ordinary  daily 
use  cannot  bring  on  any  variation  of  position,  an  in- 
dication that  such  condition   should  be  termed   true 
ankylosis.     An   inflamed  joint   is  an  articulation  the 
radius   of   action  of  which  is  gradually  diminishing. 
The    diminished    radius    of    action    designated    joint 
deformity  tends  to  increase  so  long  as  the  joint  is  un- 
sound and  untreated,   and   is  caused    solely  by  the 
eltorts  of  Nature  to  practise  immobility  as  a  means 
towards    aiding    restoration.     A   sound  or    recovered 
joint  is  one  from  which  traces  of  previous  inflamma- 
tion have  passed  away.      In  evidence  of   this  sound 
condition  and  complete  recovery  it  is  noticed  that  by 
ordinary  daily  use  the  radius  of  action  to  and  from  the 
position   maintained  during  treatment   is  seen  to  be 
gradually  increasing  no  matter  in  what  position  the 
limb  may  have  been  fixed   during   treatment — an  in- 
fallible sign  of  soundness  and  a  Justification   for   no 
further  restraint  or  surgical  interference. 

He  protested  against  the  terms  true  or  bony  and  false  or 
fibrous  ankylosis. 

The  expression  false  and  true  ankylosis  should  refer 
to  the  permanency  of  the  rigidity,  not  to  its  structure  ; 
that  Is,  no  ankylosis  which  will  vary  either  by  test  or 
use  should  be  termed  true  ankylosis  and  no  ankylosis 
which  remains  immovaljle  by  either  test  or  use  should 
be  termed  false  ankylosis.     As  long  as  false  or  unsound 
ankylosis  lasts  there  is  always  a  prospective  chance  of 
recovery  with  complete  or  some  motion  by  use  alone. 
He  was  careful  to  insist  on  a  utilitarian  position  should 
ankylosis  be  inevitable.     At  the  elbow  flexion  not  exten- 
sion ;   at  the  hip  and  knee  extension ;  at  the  ankle   with 
the  foot  at  a  right  angle  ;  at  the  wrist  dorsiflexion,  ordinary 
flexion  giving  a  weak  finger  grip  in  grasping.    In  vehement 
terms   he   denounced   the   breaking   down    of    contracted 
joints,  a  practice  unfortunately  still  followed  by  some. 

Joints  that  have  perfectly  recovered  either  from 
injury  or  disease  regain  motion  earliest  by  their 
being  employed  in  their  ordinary  manner.  .Joints 
that  are  not  in  a  health}'  condition  automatically 
resent  attempts  at  compulsory  employment.  Passive 
motion  applied  to  joints  injured  or  diseased  delays 
recovery,  and  if  applied  to  joints  cured  it  delays  the 
event  of  complete  restoration  of  function.  The  good 
repute  which  the  public  has  given  to  bonesetters, 
osteopaths,  passive  motionists,  shampooers,  manipu- 
lators, and  Bethshanites  rests  upon  the  fact  lihat  these 
unscientific  practitioners  get  the  charge  of  joints  and 


fractures  when  their  cufe  has  been  consummated  and 
merely  preside  during  the  resumption  of  function. 
They  only  watch  the  rising  sun  and  profess  to  assist 
its  cure  pi'actising  certain  flexions,  extensions,  twists, 
jerks,  and  pushes,  with  passive  motions  and  other 
details  evidently  intended  to  give  proper  dignity  and 
importance  to  their  proceedings.  The  treatment, 
however,  which  the  sufferer  is  most  in  need  of  he 
seldom  meets  with — namely,  no  motion.  As  soon  as 
the  part  under  treatment  has  become  healthy  it  will 
resume  its  function  more  fully  and  readily  rather  by 
the  attempts  of  the  late  patient  to  use  the  part  than 
by  supplemental  violence,  such  as  passive  motion  or 
violent  manipulations.  If  the  part  be  sound  its  range 
of  function  increases  with  use.  If  ankylosis  can 
possibly  wear  off  it  does  so  best  by  the  patient's 
attempts  at  ordinary  use  of  the  part. 

Treated  on  the  above  principles,  be  confidently  asserted 
tliat  every  case  of  hip-joint  could  be  cured  without  leaving 
a  fractional  deformity  of  flexion,  and  consequently  with- 
out any  shortening  except  that  arising  either  from  the 
arrest  of  growth  where  inflammation  has  interfered  with 
the  growing  points  in  the  upper  part  of  the  femur  or 
from  erosion.  He  asserted  the  same  as  regards  the  treat- 
ment of  knee-joint  disease.  He  was  a  bitter  opponent  of 
the  indiscriminate  excision  of  joints. 

Joints  injured  or  diseased  when  they  show  no  signs 
that  may  lead  us  to  think  they  can  recover,  should  be 
amputated.  My  contention  has  been  that  the  joint 
that  can  recover  after  excision  can  recover  without  it, 
and  joints  that  do  not  recover  after  excision  ought  to 
have  been  removed  hy  amputation. 
He  never  once  excised  an  elbow-joint,  and  states: 

I  have  never  met  with  a  case  of  excision  of  the  elbow 
which  equalled  in  usefulness  a  diseased   elbow-joint 
truly  cured.     Even    if  ankylosis  remain,  the  part,  it 
sound,  is  less  liable  to  relapse  or  give  future  annoy- 
ance to  the  patient  than  after   an  excision,  however 
successful. 
That  has  been  the  experience  of  Peter  Bennie,  the  dis- 
tinguished Australian  surgeon,  during  thirty  years'  appli- 
cation of  Thomas's  principles.     "  I  have  never,'  he  writes, 
"  seen  a  case  in  which  amputation 
for  hip  disease  was  necessary,  and 
if  the  joint  is  properly   fixed  by  a 
Thomas    hip    splint   excision    will 
never  be  required." 

To  put  these  principles  into 
practice  Thomas  introduced  to 
the  profession  many  ingenious 
appliances,  of 
which  the  best 
known  are  the 
hip  or  dorsal 
fixation  splint 
and  the  knee 
splint,  the 
varieties  of 
which  are  the 
"  bed  "  for  rest- 
i  n  g  and  the 
"caliper"  for 
walking,  which 
latter,  by  trans- 
mitting  tlie 
weight  from  the 
hip  to  the  heel, 
enables  the 
Ijatient  to  walk 
with  the  knee  at 
rest.  The  knee 
splint  has  been 
the  most  uuiver- 
sallj'  used  splint 
in  the  war.  The 
hip  splint,  though 
quite  simple  in 
construction,  is 
probably  the 
least  understood 
of  all  his  splints; 
this,  however,  is  the  result  of  pi-ejudice  and  of  ignorance 
of  principles  both  of  mechanics  and  of  rest.  It  is  the 
only  splint  in  the  world  whose  application  has  been 
raised  to  a  science.     I  allude  to  P.  B.  Bennie's  formulae 


Fig. 


Fig.  2. 


Fig.  1.— The  double  Thomas  hip  sphnt 
applied.    (After  Thomas. 7 

Fig.  2.— The  caliper  knee  walking  splint. 
(After  Thomas.)  e,  Ring  at  upper  thigh. 
K.  Band  behind  knee,  a,  Band  behind 
lower  third  of  leg.  F,  Inserted  into  socket 
in  boot  heel. 
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for  the  acciu-ato  fitting  of  tlio   splint   and    the   correction 
of  doforniities.     One  fovniula  is  : 


Sill 


cos  a,  xiii  3 
(/        cos- a,  cos-0)  ' 


iliut 


Where  I)      an^jle  throut^h  which  tlic  phuie  of  Iho  sp 

is  rotated  hi  the  direction  of  llie  lateral  displacement,  a  is 

the  angle  of  flexion 

reqnired  calculated 

from  0^  as   normal, 

and  |8  the  angle  of 

adduction  or  ahduc- 

tiou.     the     rotation 

being     made      just 

above  the  joint  and 

the  flexion  opposite 

the  joint.' 


For  elbow  iJexion 
Thomas  used  a 
halter  and  collar; 
for  the  wrist  a 
simple  tin  splint  to 
hold  the  joint  in 
the  position  of  dorsi- 
flexion ;  for  the 
dorsolumbar  spine 
a  cuirass ;  for  cer- 
V  i  c  a  1  disease  a 
leather  collar ;   and 


In   these  days    of    antisepsis    it   is 


Fig.  3.— Effective  rest  of  rialit  liip-jo: 
(After 


for  ankle  disease  the  simple  "  crab "  splint. 

Thomas's  work  on  fractures  is  pregnant  with  original 
ideas.     A  brief  mention  may  be  made  to  sonic  important 


Fig.  4.— The  combined  liip  and  anlcle  splint  illustiating  a  simple 
means  of  resting  hip.  knee,  and  ankle  joints. 

principles.     Efficient  fixation,  he  asserted,  best  assists  the 
restora.tion  and  repair  of  the  part  fractured. 

Perfect  rest  of  a  fracture,  it  it  could  be  maintained 
without  supplemental  art  and  interference  would  best 
permit  the  repair  of  fractures  up  to  a  normal  condition. 
If  a  fracture  is  in  proximity  to  a  joint  the  limb  ought 
to  be   so  fixed  that  the  utmost  pro-  y 

spective  usefulness  may  be  afterwards 
gained  should  the  joint  have  also 
suffered  an  injur)'  indirectly. 

In  fractured  ole- 
cranon he  merely 
advised  the  extended 
position,  but  if  the 
fractu^-e  were  com- 
pound, flexion,  he 
said,  should  be  main- 
tained during  treat- 
ment lest  the  injury 
may  run  a  course 
ending  in  the  loss  of 
motion  of  tlie  joint. 

He  was  careful  to 
distinguish  between 
non-union  after  frac- 
ture of  bone  and 
delayed  repair. 

Non-union  should 
apply  only  to  those 
tract  ures  w  h  i  c  h 
have  resulted  in 
a  cartilaginous,  or 
otherwise,  con- 
nexion having 
formed  between 
the  points  of  frac- 
ture—the bony  points  not  being  in  actual  contact. 
Examples  of  delayed  repair  are  common,  while  those 
of  non-union  are  rarely  met  with.  The  gravity  of  delayed 
repair  depends  on  the  locality.  If  found  in  the  shaft 
of  a  bone  it  is  not  so  easily  remedied  as  when  it  occurs 
at  an  extremity. 


He  states  that  in  the  early  ycar.s  of  his  practice  he 
invariably  interfered  with  instances  of  d(;layed  repair  by 
saw,  wire,  rasping,  and  pegging,  hut  during  the  later  years 
he  succeeded  better  without  direct  iiit(u-t'eience,  although 
most  of  his  cases  were  less  hopeful  of  success  tljan  his 
oiirlier  cases. 

not  uncommon  for 
even  a  recent  frac- 
ture, especially  if 
compound,  to  be 
at  once  drilled  and 
wired  or  pegged, 
w  li  e  n  ord  i  nary 
mechanical  appli- 
ances intelligently 
used  w  o  u 1 d  be 
better.  This  prac- 
tice I  hold  to  be  a 
retrogression  in  the 
surgery  of  fractured 
bones;  indeed,  if  we 
are  more  thoughtful 
of  the  fact  that  it 
is  living  matter  that 
we  have  to  manage, 
then  it  would  seem 
that  even  in  delayed 
union  of  fracture* 
actual  interference, 
such  as  drilling  and 
excising,  will  seldom 
be  required — nay,  it  will  be  found  that  such  opera- 
tions are  in  some  instances  a  hindrance  rather 
than  an  aid  to  repair,  and  operations  of  this  character 
would  then  be  reserved  for  old  chronic  cartilaginous- 
connexions  only. 

He  preferred  to  give  cases  of  delayed  union  conservative 
treatment  before  operating  — stimulating  the  part  by  com- 
pression and  percussion  combined  with  efficient  fixation  of 
the  fractured  area.  At  first  lie  did  not  regard  efficient 
fixation  as  essential,  but  later  insisted  on  it  as  he  found 
the  time  for  repair  shortened.  By  this  mode  of  treatment 
he  was  invariably  successful.     Percussion  was  applied  with 


int  by  Thomas's  dorsal  tixauon  splint. 
Bennie.) 


Fig.  5— The  simple  "Crab" 
for  restiuK  the  ankle  and  foot. 

Fig.   5a. — The  same  applied,     (.\fter 
Thomas.) 


Fig.  6.— Gnnshot  wound  of  upper  end  of  left 
upper  Umb  abduction  splint. 


iiuuierns-rested  our 


a  rubber-protected  mallet  all  round  the  site  of  fracture — 
the  skin  being  protected  by  felt— about  every  third  day 
for  four  weeks.  Prolonged  tumefaction  for  a  distance- 
around,  above  and  below  the  fracture,  was  enforced  by 
means  of  rubber  bands.     In  a  case  of  ununited  fracture  of 
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the  liuiiierus  of  niuo  months'  standing,  which  he  treated 
successfully,  he  practised  percussion  weekly  for  four  weeks 
xiud  practised  daily  for  half  an  hour  "  damming  "  the  circu- 
lation around  the 
fracture.  It  is  in 
teresting  to  note 
tliat  he  regarded 
percussion  as  a 
means  of  bringing 
.about  an  increase 
of  bony  structure 
■even  in  cases  of 
non-fractuie.  It  is 
important  to  re- 
in ember  t  li  a  t 
Tliomas  was  tlie 
originator  of  the 
congestive  or  Ijyper- 
aenjic  treatment, 
although  it  received 
little  notice  in  this 
■country  till  asso- 
ciated with  the 
name  of  a  foreign 
surgeon. 
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Muscle. 
Thomas's  impor- 
tant contribution  to 
the  surgery  of  nerve 
and  njuscic  is  that 
.associated  with  the 
treatment  o  f 
J  r  o  p  p  e  d  w  r  i  s  t. 
More  i  m  p  o  r  t  a  n  t 
than  that,  however, 
is  his  explanation 
of  so  called  con- 
tracted muscle  and 
contracted  tendon : 

The  term  con- 
tracted muscle 
is  a  misnomer — 
a  shortening  of 
true  muscular 
tissue  from  long- 
continuous  ac- 
tion does  not 
occur.  Xeither 
true  muscular 
nor  true  tendon 
structure,  as  long 
as  it  is  not  dis- 
eased, can  be 
shortened  or 
lengthened.  Dur- 
ing the  action  of 
true  muscular 
structures  t  h  0 
fibrous  ramitica- 
tions  radiating 
from  the  ten- 
dinous   origins 

and  insertions  of  muscles  and  connecting  the  true 
muscular  structure  become  v\'rinkled,  and  it  the  true 
muscular  tissue  remain  long  and  continuously  active 
the  folds  of  tiljrous  tissue  become  obliterated;  and 
when  the  true  muscle  is  tired  out  the  contraction  of 
this  tissue  acts 
to  mechanically 
fix  in  a  special 
position  the  part 
subjected  to  the 
control  of  tliat 
muscle. 

This,  together 
with  alterations  in 
the  form  of  and 
around  the  arti- 
cular capsule  and 
possible  connexions 
between  the  bones 
formiug  the  joint  he  regarded  as  the  factors  maintain- 
ing the  jiermanency  of  joint  deformity.  As  a  clinician 
he   noticed    that  muscles    possessed    of    much    divergent 


Fig    7  — Tlie  liobert    Jones  abduction   frame.      Used  especially 
hip  and  to  overcome  sbortouiDg  in  uialuniou  of  femur.    Fig.  7a. 


fibrous  tissue,  as  soleus  and  gastrocnemius,  are  the  most 
prone  to  permanent  and  obstinate  contraction,  while 
much  permanent  rigidity  of  muscle  is    seldom  met  with 

in  such  a  muscle 
as  the  sartorius, 
wliich  possesses 
little  fibrous  tissue, 
except  at  origin 
and  insertion.  As 
furtlier  evidence, 
he  regarded  the 
fact  that  the  true 
muscle  of  a  tendon 
that  has  been 
severed  will  resume 
duty  in  a  few  days. 
Au  unhealthy  con- 
dition of  a  joint 
and  the  necessity 
to  place  the  com- 
ponents in  the 
position  of  ease, 
constituting  defor- 
mity, become  the 
stimulus  to  contrac- 
tion of  one  set  of 
muscles  and  to  re- 
laxation and  elonga- 
tion of  the  oppo- 
nents. In  a  joint 
deformity  we  are 
always  dealing  with 
these  two  factors. 
This  muscle  state  is 
maintained  as  long 
as  the  necessity 
persists,  but  the 
muscles  themselves 
are  not  diseased. 
If  the  abnormal 
position  be  pro- 
longed owing,  for 
example,  to  the 
severity  of  disease, 
reduction  may  be 
interfered  with  by 
secondary  changes 
— namely,  contrac- 
tion of  the  inter- 
muscular fibrous 
tissue,  alterations  in 
the  capsule  or  per- 
haps bony  or  fibrous 
connexions  between 
the  joint  surfaces. 

Recognizing  these 
factors  and  also 
that  the  deformity 
has  been  gradual 
in  development  — 
the  contracting  and 
shortening  of  one 
muscular  group  occurring  ^jirr;  jjassii  with  relaxation  and 
lengthening  of  the  opponents — such  a  procedure  as 
forcibly  breaking  down  a  contracted  joint  must  be 
condemned  as  absolutely  unscientific  and  only  worthy 
of  charlatans. 

Wrist-droji- 
In  the  condition 
known  as  "  wrist- 
drop," Thomas,  in- 
stead of  assuming 
that  this  was  per- 
manent and  irre- 
mediable, argued 
that  the  primary 
cause  may  have 
been  temporary,  and 
that  elongated 
extensors  were 
mechanically  p  r  e  - 
vented  from  contracting.  They  were  not  of  necessity 
permanently  paralysed  and  stretched.  For  purposes  of 
prognosis  he  used  a  simple  and  effective  test.       "  If  the 


for  old  ankylosis  of 
— Tbe  same  applied. 


splint  for  musculo-spiral  paralysis. 
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patient  be  askeJ  to  tvy  and  poifoi-iu  by  the  exercise  of  the 
will  only  gi-oatei-  flexion  than  already  exists,  the  tingei-s 
Hex  readily,  and  also  by  the  act  of  the  will  extend  forward 
.again  to  the  position  of  previous  repose."  Fnrclierniore, 
"  while  the  wrist  is  (irmly  flexed  by  supplemental  assist- 
ance the  patient  can  by  the  exercise  of  his  will  within  a 
small  radius  rapidly  tlox  and  extend  his  fingers."  Success 
in  these  tests  enable  a  favourable  prognosis  to  be  given, 
and  Thomas  was  successful  in  a  case  of  eighteen  years' 
■standing.  A  recent  case  usually  recovers  in  one  to  four 
weeks  and  an  old  one  in  six  to  twenty  weeks.  In  treat- 
ment by  means  of  a  simple  "cock  up"  splint  the  hands 
.and  fingers  are  maintained  in  relation  to  the  forearm  in 
the  position  of  extreme  extension  "  so  as  to  allow  the 
muscular  tissue  of  tiie  extensors  of  the  wrist  and  fingers 
.to  retract  from  the  overstrain  or  overdraw."  On  removal 
of  the  splint  bj'  the  surgeon  to  test  tlie  result,  "should  the 
patient  by  the  exercise  of  his  will  be  able  to  maintain 
.extension,  the  surgeon  may  allow  the  limb  to  be  used,  dis- 
continuing the  angular  extension  apparatus."  Thomas 
■did  not  of  course  regard  this  treatment  as  universally 
successful  in  all  cases  of  dropped  wrist  or  ankle,  and  iu 
connexion  with  poliomvelitis  he  wrote  : 

It  Is  my  experience  tliat  those  cases  which  we  meet 
with  after  infantile  paralysis  of  the  upper  extremity 
are  the  most  uutractable  because  that  the  central 
nerve  lesion  in  these  cases  is  never  perfectly  recovered 
from  ;  and,  again,  in  many  of  these  cases  we  have  to 
contend  with  a  dropped  condition  of  shoulder,  elbow, 
wrist,  and  lingers  in  snlijects  wlio  do  all  they  possibly 
can  to  thwart  our  endeavours  to  assist  them. 

Thanks  to  Robert  Jones,  these  important  views  of 
'Thomas  on  muscle,  greatly  amplified,  have  been  intro- 
■duced  to  the  notice  of  the  profession,  and  it  would  be  idle 
to  deny  that  round  them  is  being  built  up  the  modern 
surgerj'  of  nerve  and  muscle  injury. 

Nerve  Lesions. 

Thomas  directed  our  attention  to  the  treatment  of 
muscle  in  cases  of  nerve  iujurj'.  Weakened  or  paralysed 
muscles  must  be  rested  just  as  a  diseased  joint  or  bone 
must  be  rested.  The  healthy  opponents  should  not  be 
allowed  to  contract,  producing  a  stretching  of  the  weak- 
ened group.  Such  conditions  as  contracted  fingers  or 
joints  should  never  be  allowed  to  occur,  and  should  they 
be  present  they  should  be  remedied  before  any  operation 
is  undertaken.  In  recent  cases  of  divided  nerve,  wliere 
the  diagnosis  is  certain,  a  reparative  operation  is  essential. 
In  old  cases  it  is  surprising  what  improvement  can  be 
effected  by  means  of  rest,  together  with  scientific  re- 
education aided  by  the  patient's  volition.  Speaking 
geuerall}-,  no  operation  should  be  undertaken  till  these 
methods  have  been  exhausted. 

In  cases  of  injuries  of  nerves  the  ends  are  freshened 
and  sutured.  If  a  gap  exist  between  the  divided  ends  it 
may  be  necessary  to  flex  a  joint — for  instance,  as  the 
elbow — or  alter  the  position  of  the  nerve.  Should  these 
fail,  the  gap  may  be  bridged  by  a  long  segment  of  a 
sensory  nerve  or  by  strands  of  catgut,  but  it  must  be 
remembered  that  such  operative  treatment  is  only  the 
beginning.  The  mere  transmission  of  an  impulse  along  a 
sutured  nerve  is  not  sufficient  to  cause  recovery  of 
muscular  action,  and  that  is  the  important  thing.  The 
muscle  must  be  rested  and  re  educated  from  zero.  Its 
recovery  must  be  along  biological  lines — that  is,  along  the 
lines  of  the  acquisition  of  its  mammalian  function. 

Stimulated  by  the  work  of  the  Liverpool  School  of 
Orthopaedics,  much  research  work  has  been  carried  out 
on  the  evolution  of  muscular  function  throughout  the 
mammalia  so  as  to  form  a  scientific  basis  for  muscle  re- 
education. Furthermore,  in  cases  of  muscle  transplanta- 
tion to  strengthen  the  weak,  or  muscle  lengthening  or 
division  to  weaken  the  strong,  it  is  important  to  remenjber 
that  certain  muscles  in  the  economy  are  "survival  results," 
and  that  by  the  comparative  method  we  are  enabled  to 
estimate  the  relative  value  for  grafting — for  example,  of 
the  two  peronei  or  the  two  tibials,  or  the  brachioradialis. 

In  connexion  with  military  orthopaedics  it  should  be 
remembered  that  Thomas  first  introduced  three  simple 
methods  of  treatment  which  are  now  universally 
recognized. 

Ho  taught  us  that  spin;'.!  curvature  was  freijuently 
associated    with    inequality  of   length    of   limb,  and   that 


an  essential  in  treatment  was  to  raise  the  boot  on  the 
shortened  side. 

Infiammation  of  the  metatarso-phalangeal  joint  of  the 
toes,  especially  the  great  toe,  to  which  soldiers  are  liable, 
can  be  relieved  by  a  piece  of  hoop  iron  or  leather  "so 
placed  under  the  shoe  sole  that  its  front  margin  is  just 
imdcr  the  joint,  so  that  in  marching  the  toes  miss  con- 
cussion with  the  ground  as  the  patient  advances  the 
opposite  foot." 

The  Thomas  boot  for  fiat- foot,  with  the  oblique  heel  and 
the  raised  sole;  and  heel  on  the  inside,  is  well  known,  by 
its  means  strain  is  thrown  off  tlie  inside  of  the  foot,  the 
tibial  muscles  are  given  a  chance  to  strengthen,  and  the 
tendency  to  displacement  of  the  internal  cartilage  of  tlie 
knee  to  which  these  subjects  are  liable  is  obviated. 

I  have  dealt  at  some  length  on  the  principles  of  Thomas 
because,  although  principles  of  rest  were  enunciated  by 
Brodie  and  Hilton,  he  was  the  first  not  only  to  enunciate 
doctrines  of  conservatism  but  also  to  offer  simple 
mechanical  means  by  which  these  could  be  put  into 
practice,  although  at  his  death  his  work  was  largely  over- 
shadowed by  the  operative  system  owing  to  the  introduc- 
tion of  antiseptics.  Thomas  fortunately  was  succeeded  in 
his  practice  by  Robert  .Jones,  who  had  the  rare  privilege  of 
having  worked  with  the  master  himself  during  the  later 
years  of  his  lite.  Thanks  to  him  Thomas's  work  has 
been  widened  in  its  application,  numerous  improvements 
have  been  introduced,  and  scitntitic  workers  liave  been 
attracted  to  Liverpool  from  all  parts  of  the  world  to  learn 
those  conservative  principles  which,  like  Thomas,  he  has 
always  taught  as  forming  the  foundation  of  surgical 
practice.  Thus  in  appointing  Colonel  Robert  .Jones,  C.B., 
as  Inspector-General  of  Military  Orthopaedics,  the  War 
Office  placed  the  treatment  of  the  deformed  soldier  under 
the  control  of  one  who,  himself  trained  in  the  modem 
aseptic  school,  is  recognized  as  the  greatest  living  ex- 
ponent of  the  conservative  method.  In  him  the  comple- 
mental  schools  of  British  surgery  have  been  effectively 
combined.  The  British  soldier  who  has  suffered  division 
of  a  nerve  is  assured  not  merely  of  a  successful  aseptic 
operation  of  suture,  but  of  prolonged  conservative  treat- 
ment directed  to  the  scientific  stimulation  and  re-edncation 
of  the  affected  muscles.  Should  these  methods  be  un- 
successful, recourse  may  be  had  to  the  operation  of 
muscle  grafting,  by  means  of  which  a  flexor  is  asked  to 
act  as  an  extender  and  an  extender  as  a  bender  as  the 
result  of  alteration  of  muscle  insertion. 

A  fractured  bone,  even  if  union  be  delayed,  may  be  treated 
by  various  methods  of  conservatism,  but  should  these  fail 
resort  may  be  had  to  the  operative  methods  of  pegging, 
bone  grafting,  and  plating,  for  the  advance  in  which  depart- 
ment of  surgery  the  profession  is  under  a  debt  of  gratitude 
to  the  oeuius  of  Sir  Arbuthnot  Lane.  Should  the  femur 
be  shortened  it  may  be  re- fractured  and  lengthened  by  the 
assistance  of  the  abduction  frame  of  Robert  Jones.  Joints, 
should  they  be  deformed,  are  not  forcibly  torn  down  or 
excised,  but  gradually  reduced,  so  that  recovery  in  one  set 
of  muscles  is  always  correlated  to  that  of  the  opponents. 
By  anatomical  rest  of  joints  and  bones  amputations  of 
limbs  are  obviated ;  the  soldier  with  a  displaced  fibro- 
caitilage  of  the  knee,  the  replacement  of  which  is  always 
easy  and  usually  spontaneous,  is  rested  so  as  to  allow 
rupture  of  the  coUateial  tibial  ligament  on  which  it  largely 
depends  to  repair,  and  when  the  patient  resumes  walking  his 
boot  is  built  up  on  the  inside  to  prevent  recurrence  by 
relieving  strain  on  the  inside  of  the  knee.  Only  in  cases 
of  recurring  displacements  due  to  an  unrepaired  collateral 
ligament  Ls  resort  had  to  removal,  which,  as  described  by 
Robert  Jones,  is  almost  a  minor  operation.  By  means  of 
the  Thomas  boot  and  simple  manipulative  measures  the 
soldier  with  even  a  severe  flat-foot  can  be  treated  success- 
fully without  operative  interference  which  is  reserved  for 
extreme  cases. 

What  a  difference  in  the  lot  of  the  British  soldier,  treated 
in  1815,  after  Waterloo,  by  Sir  Charles  Bell,  admittedly  the 
greatest  anatomist  and  surgeon  of  his  time,  compared  with 
the  treatment  of  100  years  later  !  It  is  hard  for  us  to  realize 
that  Bell  in  his  paper  was  dealing  with  scenes  of  only  a 
century  ago.  In  this  short  period  of  time,  thanks  largely 
to  the  genius  of  our  countrymen — although  we  render 
homage  to  the  names  of  Lavoisier,  Lamarck,  Cuvier,  and 
Pasteur— the  antiseptic  system,  anaesthesia,  the  concep- 
tion of  vaccine  treatment,  the  placing  of  the  physiology  of 
nerve  and  muscle  on  a  sound  basis,  the  publication  of  the 
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Origin  of  Species,  and  the  establishment  of  conservative 
surgical  principles,  have  all  been  introduced.  Without  these 
no  modern  orthopaedic  work  would  be  possible.  To  these  we 
must  add  x  rays;  and  although  we  pay  respect  to  Roentgen 
for  his  great  discovery,  we  must  always  remember  that 
the  Crookes's  tube  was  discovered  in  this  country.  We  can 
recall  with  no  little  pride  that  these  great  discoveries  have 
been  freely  given  to  the  world  for  the  benefit  of  humanity. 


PART  II.  -STATEMENT  AS  TO  MILITARY  ORTHO- 
PAEDIC HOSPITALS  IN  GREAT  BRITAIN 
AND    THEIR   EQUIPMENT. 

Orthopaedic  cases  comprise  in  one  form  or  another  a 
large  proportion  of  the  men  invalided  from  abroad  with 
severe  surgical  injuries. 

Military  orthopaedic  cases  are  held  by  the  Array  Council 
to  iuclude  the  following  : 

(11)  Derangements  and  disabilities  of  joints,  simple  and 
grave,  including  ankylosis. 

l&)  Deformities  and  disabilities  of  feet,  such  as  hallux 
rigidus,  lialkix  valgus,  liammer  toes,  metatarsalgia,  xJaiuful 
heels,  flat  and  claw  feet. 

(0)  Malunited  and  ununited  fractures. 

{(t)  Injuries  to  ligaments,  muscles,  and  tendons. 

(f)  Cases  requiring  tendon  transplantation  or  other 
treatment  for  irreparable  destruction  of   nerves. 

(;i  Nerve  injuries  complicated  byfractures  or  stiffness  of 
jpmt. 

(;/)  Certain  complicated  gunshot  injuries  to  joints. 

(/()  Cases  requiring  surgical  appliances. 

These  cases  naturally  fall  into  two  groups — those  whose 
disablement  is  only  temporary  and  who  after  treatment 
will  be  fit  for  military  service  again,  and  those  who  are  so 
disabled  that  they  must  inevitably  be  discharged  from  the 
army. 

The  wounded  soldier  receives  immediate  treatment  in 
a  general  military  hospital.  If  his  case  comes  into  the 
category  of  orthopaedics,  as  defined  above,  he  is  then 
transferred  to  one  of  the  orthopaedic  centres  for  special 
treatment. 

If  his  disablement  has  been  only  temporary,  he  may  be 
sent  for  after-treatment  to  a  command  depot  until  ultimate 
recovery  and  return  to  military  duty. 

Command  Depot. 

A  command  depot  is  officially  defined  as  a  convalescent 
camp  equipped  with  facilities  for  electrical  and  massage 
treatment  under  medical  direction,  but  mainly  organized 
and  controlled  under  purely  military  officers,  with  tlie 
object  of  hardening  men  by  suitable  exercises  and 
graduated  drill  for  return  to  active  service  at  the  front 
in  a  period  of  about  six  months. 

The  men  live  in  huts.  l>eds  are  wooden  forms  with 
straw  palliasses  and  military  blankets.  Ordinary  diets 
only  are  given.     Tlie  huts  are  heated  by  stoves. 

The  cases  suitable  foe  admission  to  a  command  depot 
are: 

1.  Men  recovering  from  gunshot  wounds  not  involv- 
ing joints  or  nerves. 

2.  United  nerves  giving  normal  action  to  muscles. 

3.  Pott's  fracture,  Colles's  fracture,  with  no  anky- 
losis of  joints. 

4.  Injuries  to  left  hand  not  to  such  a  degree  as  to 
prevent  the  use  of  a  rifle. 

5.  Simple   myalgia   without   obvious   organic    sym- 
ptoms. 

All  scars  should  be  firmly  healed  and  not  situated  at 
points  of  regular  pressure  of  equipment,  for  example, 
shoulder,  scapula,  waist. 

Spinal  injuries  when  there  are  resultant  symptoms  as 
headache  or  paresis ;  shell  shoclv  with  the  slightest  tremor 
or  mental  impairment;  paraly.sed  limbs,  drop  foot  or 
hand,  and  neuritis,  are  not  considered  suitable  cases  for 
admission. 

The  command  depots  are  visited  regularly  by  an  ortho- 
paedic surgeon,  to  help  the  staff  in  their  choice  of  cases 
for  orthopaedic  treatment. 


List  of  Cuiiiiiiaiid  Dip6ts  in  the  United  Kingdom. 


Name  of  Coni- 
maud  Dei]6t. 


Accommodation 

for  -Men  under 

Treatment  in 

Addition  to 

Permanent  Staff. 


Bow  Allotted. 


Slioreham 

5,000 

Eastern  Command. 

Seaford       

5,000 

London  District  R.E. 

Sutton  Coldfield... 

2,000 

Southern  Command. 

Balljvouare 

4,000 

Southern  Command, 

Tipperary  

Randalstown 

4,000 
3,500 

Irish    Command    and    Eastern 

Command. 
Scottish  Command. 

Bipon  North 

6,5C0 

Northern    Command    R,A.  (Re- 
gular and  I.F.) ;  Machine  Gua 

.Alnwick     

3,400 

Corps. 
Northern  Command. 

Knowsley  Park  ... 

4,000 

Western  Command. 

Heaton  Park 

4,700 

Western  Command, 

Eastbourne 

2,000 

Cavalry    whose    Reserve    Regi- 

Blandford  . 
Ampthill   . 


600 
877 


ments  are  in  the  Eastern. 
Southern,  and  Aldershot  Com- 
mands; Yeomanry  whose  3rd 
Line  Units  are  in  the  Eastern' 
Command.  Army  Cyclist  Corps; 
South  African  Contingent. 

63id  (Royal  Naval)  Divisions 
(only). 

For  Infantry  (Regular  and  I.E.) 
whose  depots  are  situated  in 
No.  9  District,  jn-eference  to 
Bedfordsliire  soldiers. 


Total  beds 


45,577 


The  soldier  who  is  permanently  disabled  and  utterly 
unfit  for  further  military  service  undergoes  similar  treat- 
njent  in  the  general  and  orthopaedic  ho.spitals,  and  is 
finally  discharged  and  pensioned. 

Curative  Industries. 

In  each  orthopaedic  centre,  besides  surgical  operations, 
massage,  electrical  treatment,  hydrotherapy,  and  g3'mnastic 
exercises,  a  series  of  curative  workshops  have  been  estab- 
lished with  successful  and  valuable  results. 

These  curative  industries  serve  a  twofold  purpose.  First 
of  all — and  this  is  most  important— they  are  directly 
curative  by  giving  exercise,  under  the  surgeon's  control 
and  supervision,  to  the  affected  part.  They  are  also 
indirectly  curative  through  their  profound  psychological 
influence  upon  the  patient.  Apathy  and  inertia  are 
replaced  by  bodily  and  mental  activitj'.  In  the  second 
place,  these  industries  enable  a  certain  number  of  the  men 
to  acquire  a  craft  or  trade,  by  which  they  will  become 
more  valuable  to  the  community  by  the  increase  of  their 
wage-earning  capacity  after  discharge. 

A  minor  point  that  experience  has  shown  very  clearly  is 
the  monetary  value  to  the  institution  of  the  work  done, 
such  as  splint  making,  carpentering,  painting,  etc. 

The  curative  workshops  are  an  important  evolution  in 
the  war.  In  each  orthopaedic  centre  they  form  an  essential 
part  of  the  treatment,  witli  local  differences  dependent  on 
the  character  aud  staple  trade  of  the  district.  For  example, 
in  Aberdeen  a  net-making  industry  has  proved  highly 
successful,  and  in  Bristol  basket  making. 

The  permanently  disabled  soldier  is  not  lost  sight  of 
after  discharge  from  the  hospital  and  the  army.  He  then 
comes  under  the  care  of  the  Statutory  (Pensions)  Com- 
mittee. He  may  be  quite  fitted  for  civilian  employment, 
in  which  case  he  may  at  once  resume  his  old  trade  or  seek 
new  employment.  He  may  find  a  place  in  one  of  Lord 
Roberts's  memorial  workshops  ;  or  he  may  elect  to  undergo 
further  training  for  a  new  craft  or  trade.  The  advantage 
of  the  establisliment  of  curative  industries  iu  the  ortho- 
paedic centres  becomes  obvious.  The  technical  schools  of 
the  country  have  placed  their  resources  at  the  disposal  of 
the  Statutory  Committee,  and  it  is  understood  that  arrange- 
ments are  being  made  for  the  intensive  education  of  suit- 
able pensioners  at  these  institutions. 

AVhen  a  man  is  transferred  from  a  general  hospital  to  a 
command  depot  it  means  that  his  disability  is  temporary, 
that  he  belongs  to  Group  1,  and  that  he  is  considered 
likely  to  be  fit  for  active  service  within  six  months.     If,  on 
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■the  otiici-  liaiul,  lio  is  tfaiisfcrred  from  a  central  hospital 
to  an  ortlio|iai'ihc  hospital  hu  may  bcloiif;  citlu^f  todi'oup  1 
■or  Oi'oiip  2.  If  to  tho  lornic^i-,  his  disability  must  be  neees- 
sai'ily  more  severe  than  that  of  tho  man  sent  to  a  command 
depot,  and  the  treatment  reipiired  to  tit  him  a<;ain  for 
aetive  sei'vieo  maj'  of  necessity  bo  prolonged.  Jf,  howevci', 
ho  belongs  to  the  latter,  (1  roup  2 — if,  that  is,  the  medical 
authorities  of  tho  central  hospital  decide  that  his  dis- 
ability is  such  as  to  prevent  him  from  ever  becoming 
tit  for  any  form  of  military  service  owing  to  the  fact 
that  ho  suffers  from  such  a  lesion  as,  for  CKamplo, 
severance  of  the  right  sciatic  nerve  with  foot-drop, 
he  may  also  hu  sent  to  an  orthopaedic  hospital.  If 
there  were  always  available  beds  at  orthopaedic  hos- 
pitals these  patients  could  be  automatically  transferred 
there  from  tho  central  hos- 
pitals without  delay,  but  tho 
length  of  time  involved  in 
the  treatment  of  patients  at 
orthopaedic  liospitals  of 
necessity  greatly  lessens  the 
number  of  new  patients  that 
■can  be  admitted  in  any  one 
year.  The  length  of  stay  of 
the  individual  is  prolonged, 
and  at  present  this  is  a  very 
real  difficulty  ;  becauseof  this 
lack  of  accommodation  at 
orthopaedic  hospitals  men 
may  have  to  be  brought 
before  invaliding  boards  and 
discharged  from  the  service 
at  central  hospitals  who  still 
require  to  begin  sliilled 
orthopaedic  treatment.  The 
fact,  however,  that  a  man 
has  been  discharged  from 
the  army  does  not  prevent 
liim  from  attending  an  ortho- 
paedic centre  as  an  out- 
patient or  from  subsequently 
being  admitted  for  further 
treatment  to  an  orthopaedic 
hospital,  but  it  is  a  break  in 
the  logical  sequence  of  treat- 
ment. Among  this  class  of 
case  may  be  patients  with 
injuries  of  the  musculo  spiral, 
median,  and  ulnar  nerves, 
and  hemiplegias  after  head 
injuries. 

This  difficulty  is  being 
met  by  tlie  establishment  of 
more  orthopaedic  centres  and 
special  annexes,  but  the 
numbers  of  beds  will  have  to  be  very  large,  for  these 
cases  are  a  numerous  and  growing  class.  At  present  the 
War  Office  allows  any  discharged  soldier  disabled  by  the 
war  to  obtain  further  treatment  at  a  military  hospital,  if 
he  requires  it,  and  these  men  can  always  seek  out-patient 
treatment  at  a  military  orthopaedic  centre  or  liospital ; 
but  here  again  we  are  faced  with  the  difficulty  that  they 
may  not  live  within  several  miles'  walking  distance  and 
cannot,  therefore,  obtain  treatment.  Recognizing  our  debt 
to  tliese  men  and  their  future  value  to  the  State,  it  is 
essential  tliat  skilled  ortliopaedic  treatment,  based  on  a 
scientific  linowledge  of  the  principles  of  surgical  rest  and 
of  the  anatomical  and  liiological  methods  by  which 
recovery  of  muscular  function  can  be  obtained,  together 
with  the  mechanical  training  necessarily  accompanying 
these,  should  be  made  available  for  tliem.  Disabled 
soldiers  fall  obviously  into  two  classes  :  (1)  Those  who  are 
wholly  permanently  disabled  for  any  kind  of  work ; 
(2)  those  who  may  by  re-education  be  restored  to  social 
and  professional  efficiency  in  varying  degrees.  Tlie 
recognition  of  wliat  patients  constitute  class  (1)  can  only 
be  left  to  skilled  orthopaedic  surgeons  and  be  based  on  the 
principles  above  enunciated.  How  to  best  treat  those 
comprising  class  (2)  is  the  present  urgent  question,  but 
enough  has  been  said  to  show  that  the  problem,  at  least 
from  its  medical  aide,  is  being  energetically  and  adequately 
grappled  with. 

I    must    especially   tliank    Major  C.  V.  Macl;ay,  M.D., 
R.A.M.C,   of     the     King    George   Military    Hospital,   for 
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numerous  valuable  suggestions   and  for  his  assistance    in 
drawing  up  the  plan  on  which  this  information  is  based. 

Of/linpiwdii;  Centres  hi   lln'   lU-ilisli,  IhIi'h. 
There  are  now  fully  established  ten  ortlio[iaedic  centres 
in  Great  Britain  and  freland. 

In  Buglaud  there  are  already  tour,  of  which  one  is 
at  She|)licrd's  JSush.  The  other  orthopaedic  centres  in 
Knglaiid  arc  ;  Alder  Iley,  Liverpool,  the  first  to  be 
formed,  under  Colonel  Robert  .loues  ;  Leeds,  and  Bristol. 
It  is  pro[)osed  to  founil  additioiual  centres  at  an  early 
date.     In  Wales  the  orthopaedic  centre  is  at  Cardiff. 

Two  centres  have  been  established  in  Ireland,  one  at 
Belfast,  one  at  lilackroek,  Dublin.  In  Scotland  there  are 
three:    Bangour   near    Rdiuburgh,    Aberdeen,  and    Bella- 

houston,  Glasgow. 

The  same  general  scheme 
iif  treatment  is  adopted  in 
cacli  centre  under  the  super- 
vision of  Colonel  Robert 
.(ones. 

It  may  be  mentioned  that 
each  orthopaedic  centre 
deals,  in  addition  to  the  re- 
pair of  deformities,  with  the 
preparation  of  the  stumps 
of  limbless  soldiers  before 
admission  to  Roehampton 
and  other  hospitals  where 
artificial  limbs  are  provided. 

List  of  Orthopaedic  Hospitals 

ami  Centres  In  the  United 

Kinf/dom . 

Military  Orthopaedic  Hos- 
pital, Shepherd's  Bush,  W. 
1,000  beds. 

National  Orthopaedic  Hos- 
pital, Great  Portland 
Street,  W.C.    170  beds. 

MiUtary  Ortliopaedic  Hoa- 
])ital.  Alder  Hey,  Liverpool. 
850  beds. 

Welsh  Metropolitan  War 
Hospital,  Whitchurch,  Car- 
diff.   500  beds. 

Beaufort  War  Hospital.  Fish- 
ponds, Bristol.     500  beds. 

2ud  Northern  General  Hos- 
pital, Beckett's  Park.  Leeds. 
250  beds. 

Bellaliouston  Hospital,  Glas- 
gow.   400  beds. 

Bangour  Hospital,  Edin- 
burgh.   400  beds. 

Oldmill  Hospital,  Aberdeen. 
250  beds. 

Belfast  U.V.F.  Hospital.  300 
beds. 

Dublin.    200  beds. 


I  Franco  suLi\-vin 
Thomas's  "  bed  ' 


i  from  gunshot 
kneo  sphnc. 


The  Military  Orthopaedic  Hospital,  Shepherd's  Bush, 
Loudon,  may  be  described  as  typical  of  all  the  centres. 
It  is  fully  equipped,  and  has  a  visiting  and  resident 
medical  staff.  It  is  under  the  personal  supervision  of  the 
Inspector,  who  visits  weekly.  The  number  of  patients 
admitted  from  the  opening  of  the  liospital  on  March  1st, 
1916,  to  February  28th,  1917,  was  2,870,  and  the  number 
discliarged  2,101. 

The  following  list  of  tlie  discharged  patients  is 
important  as  showing  the  beneficial  results  of  treat- 
ment : 


ilarch 

April 

May 

June 

July 

August    ... 

September 

October  ... 

November 

Deceuibev 


J.inuary ... 
Fel-ruary 


1915. 


1. 

2. 

3. 

Duty. 

Command 

Re-classifl- 

Depot. 

cation. 

2 

5 

14 

1          w 

4 

14 

'            16 

8 

9 

27 

11 

36 

17 

12 

24 

29 

21 

20 

41 

14 

46 

55 

26 

27 

62 

25 

19 

57 

13 

34 

27 

16 

17 

32 

26 

181 
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The  majority  of  the  patients  under  Class  3  (re-classifica- 
tion) were  able  to  undertake  mild  forms  of  military  duty, 
thus  relieving  titter  men  for  active  service. 

In  reference  to  discharged  patients  it  is  important  to 
bear  in  mind  that  owing  to  more  rigid  army  regulations 
the  discharge  of  men  from  the  army  to  civil  life  as  "  unfit 
for  further  military  service  "  has  recently  been  consider- 
ably curtailed. 

Apart  from  the  question  of  available  beds,  there  is  no 
difficulty  about  the  admission  of  a  discharged  soldier  into 
this  hospital  for  further  treatment.  On  March  1st,  1917, 
the  number  of  discharged  soldiers  in  the  hospital  was  50, 
and  there  were  10  out  patients. 


Electro-iherapeutical  Department. 
This  department  is   under  the   supervision  of  Captain 
Rowley  Bristow,  R.A.M.C,   F.R.C.S.     During  the   period 
July,  1916,  to  March  1st,  1917,  the  number  of  treatments 
given    in     the     de- 
pa  r  t  m  e  n  t      was 
19,000,    and      the 
number     of      new 
patients  dealt  with 
728. 

Type  of  Case. — 
The  cases  dealt 
with  were  mainly : 

1.  Peripheral 
nerve  injuries. 

2.  Stiff  joints 
with  muscular 
wasting. 

3.  Atrophy  of 
muscle. 

4.  Adherent  and 
painful  scars. 

5.  Functional 
conditions. 

6.  Trench  feet 
and  allied  con- 
ditions. 

Staff.— The  staff 
consists  of  fourteen 
trained  masseuses 
A.P.M.C.  working 
under  the  direction  of 
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Massage. 

The  massage  department  is  under  the  supervision  of 
Dr.  .J.  Mennell,  and  is  equipped  with  all  modern  appliances 
for  mechanical  treatment.  There  are  twenty-three  trainetl 
assistants  in  the  department  —  namely,  twenty-one 
masseuses  and  two  masseurs. 

The  number  of  patients  treated  and  discharged  from' 
March,  1916,  to  March,  1917,  was  863.  On  March  1st, 
1917,  the  number  of  patients  under  treatment  was  280. 
The  average  number  of  weekly  ti-eatments  is  1,680. 


Gijmnasinin  and  Hydrotherapy  Department. 

A  large  gymnasium  is  now  in  course  of  construction, 
to  which  patients  will  automatically  pass  from  the  massage 
department.  The  plans  for  a  hydrotherapy  department 
have  been  completed,  and  a  building  will  shortly  be  placed 
under  construction.  Both  these  departments  will  be 
under    medical    control    and     in    the    immediate    charge 

of     trained     in- 
structors. 


Tlie  Curative  Work- 
shops. 
The  curative 
workshops  are  of 
utmost  importance. 
In  these  workshops- 
the  men  are  given 
a  definite,  regular, 
and  interesting 
occupation,  and 
energy  instead  of 
being  wasted  is- 
directed  to  serve 
some  useful  pur- 
pose. These  work- 
shops, which  are 
under  the  personal 
supervision  of  Mr. 
Poate,  owe  their 
existence  to  the 
energy  and  fore- 
sight  of  King 
Manuel,  who  has 
not  only  devoted 
his  valuable  time 
to   those    at    Shep- 


a   surgeon   in    charge. 

The  electrical  treatment  of  muscle  is  largely  carried  out 
by  a  specially  wound  faradic  coil  introduced  by  Captain 
Bristow.  This  coil  is  arranged  so  as  to  yield  a  current 
which  is  as  nearly  as  possible  painless,  and  which  is  under 
the  control  of  the  operator,  so  that  the  intensity  of  the 
stimulus  can  be  altered  from  moment  to  moment. 
Rhythmical  graduated  contractions  of  muscle  are  brought 
about  by  this  method.  The  muscle  to  be  treated  is  made 
to  contract  gradually  from  zero  to  the  desired  maximum, 
and  then  allowed  to  relax.  It  is  allowed  to  remain  fully 
relaxed  for  a  second,  and  then  again  stimulated.  The  left 
hand  of  the  operator  grasps  the  muscle  and  appre- 
ciates the  degree  of  contraction,  whilst  the  right  con- 
trols the  intensity  of  the  stimulus.  In  this  way  the 
exact  degree  of  contraction  desirable  for  each  muscle  or 
muscle  group  is  obtained.  The  control  by  hand  is 
essential  for  the  most  efficient  method  of  working,  and 
no  motor-driven  or  other  form  of  mechanical  interrupter 
can  replace  this  control  efficiently.  AVitli  trained  operators 
there  is  no  risk  of  muscles  being  stimulated  to  the  extent 
of  causing  fatigue,  and  so  retarding  progress.  The  main 
differences  between  this  coil  and  the  ordinary  faradic 
coil  are : 

The  special  coil  has  thick  wire  in  both  the  primary  and 
secondary  windings,  and  the  number  of  layers  in  the 
secondary  is  less  tlian  in  the  primary — 5  :  3.  The  inter- 
rupter can  be  exactly  regulated  by  a  sliding  weight.  A 
condenser  of  appropriate  capacity  is  placed  in  circuit,  to 
damp  out  the  spark  and  assist  in  reducing  the  "  skin 
effect  "  to  a  minimum. 

The   intensity   of    the   stimulus   is   varied    at   will    by 

(1)  using  either  one,  tw^o,  or  three  layers  of  the  secondary ; 

(2)  by  pushing  in  or  withdrawing  the  soft  iron  core  in  the 
primary. 


herd's  Bush  but  has  also  superintended  the  erection 
of  similar  ones  in  other  orthopaedic  centres  throughout 
the  United  Kingdom.  The  men  working  are  employed 
as  follows; 


Employments  in  Cnrative  Workshop!^. 
Splint  makers,  smiths,  engineers 
Carpenters 

Tailors  (abdominal  belts,  surgical  slingsi 
Bootmakers  (surgical  boots,  repairs)  ... 
Fretworkers  (men  with  dropped  feet)  ... 
Leatherworkers  (blocked  leather  splints) 
Electricians,  plumbers,  and  ironworkers 
Masons  (repairs  in  hospital) 
Grindery      (instruments     used      in     operating 

theatres) 
Wood  choppers  (sawing  and  chopping  firewood 

for  use  of  hospital) 
Cigarette  makers 
Office  and  stores 
Draughtsman  ... 
Orderlies  and   fatigue  party   (errands  between 

different  departments,  keeping  yard  and  shops 

clean,    taking    completed    work  to   different 

wards) 
Painters  (painting  splints  and  general  work  in 

hospital) 

Total 


25 
10 
8 
5 
3 
4 
7 
2 


a 
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In  addition  to  this  special  work,  over  300  have  occupa- 
tions allotted  to  them. 


Retiint  fliinchiii  Xiimlier  <uid   ]'aliii'  of 

Orthiipanlic  )l'i)rkslio}>s. 
Week  ending — 

October    28tli,    1916  ... 
November  "Itli       ,, 

nth       ,,      ... 
18tli       „      ... 

25th       

December  2n(l      ,, 

9tli       , 

16th       

23n1       ,,      ... 

30tli       

January      Btlj,  1917  ... 
13th      ,,     ... 

20th       

27th       

February    3i'(l      ,,     ... 

10th      

17th       

24th       

March      3r(l       ,,     ... 
10th      


.\RTIFl(;i.\l 

Splinta 

Mdih-   III 

."<'. 

£  a.  .). 

35   ... 

5  3  0 

49   ... 

7  14  6 

75   ... 

17  3  9 

64   ... 

9  11  6 

86   ... 

12  9  0 

21   ... 

11  2  6 

23   ... 

13  16  0 

67   ... 

14  18  0 

26   ... 

14  11  6 

29   ... 

8  19  0 

43   ... 

12  8  0 

70   ... 

20  12  0 

55   ... 

19  1  0 

133   ... 

34  0  0 

122   ... 

27  9  0 

91   ... 

30  0  0 

55   ... 

19  17  6 

81   ... 

17  16  6 

106   ... 

31  4  6 

139   ... 

34  4  2 

i,iMj;s. 
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Totals 


1,371 


£362    1    5 


Total  number  of  splints  made  from  October  28th  to 

Jlaroh  10th,  1,371. 
Cash  value  at  pre-war  prices,  £362  Is.  5d. 

Of  the  above  returns  1,013  are  stock  pattern  splints,  namely, 
cock-up  splints,  gutters,  club-foot  shoes,  crab  (long  and  short). 
Turner's  arm,  whole  hand-splints.  The  balance  (358iare  special 
splints  designed  in  workshops,  and  made  to  surgeons' 
instructions. 

Quantity  of  Orthopaedic  Itepairs  by  the  Bootmaker. 
The  total  number  of  cases  requiring  orthopaedic  repairs  by 
the  bootmaker  from  October  21st,  1916,  to  March  4th,  1917,  was 
361.  This  was  apart  from  ordinary  repairs.  The  work  con- 
sisted of  inside  and  outside  elevations,  T-straps,  cork  soles,  bars 
on  soles,  crooked  heels,  surgical  boots  and  alterations  according 
to  medical  orders. 

Painting,  Drawing,  Photographic  Department. 
This  department  is  under  the  control  o£  Mr.  Bird,  the 
distinguished    artist,  -who  is  assisted   in  photograpliy  by 


Mr.  Lewis.  *Icre  not  only  plioto<:<raplis  and  drawings  of 
cases  during  the  various  stages  of  treatment  and  splints 
used  arc  made,  but  actual  paintings  in  natural  colour 
whenever  tlie  surgeon  thinks  it  necessary,  in  tliis  way 
can  bo  kept  coniiileto  records  of  operation  cases,  whicli  aie 
especially  valuable  in  demonstration  for  teaching  purposes. 

X  liaya. 

This  department  is  fully  ecjuipped  with  all  the  latest 
methods  for  ,r-ray  ])h()tograiihy  under  the  supervision  of 
Captain  Keys- Wells,  lt..\.M.C.,  who  attends  the  hospital 
daily. 

Planter  Department. 

This  is  under  the  cliarge  of  Sister  Hurch,  forjiierly  of 
St.  Bartholomew's  Hospital,  who  has,  as  chief  assistant. 
Private  Wilde.  Casts  are  made  of  all  deformities  admitted  . 
and  permanent  records  can  be  kept  of  cases  before  and 
after  operation.  In  addition  to  plaster  jackets  for  support 
and  plaster  splints,  casts  are  made  of  limbs  and  other 
parts  on  which  splints,  both  leather  and  steel,  are  moulded 
so  as  to  ensure  accurate  fitting  when  fiui.shed. 

Arti/icial  Limtjs. 
In  association  with  the  question  of  military  orthopaedics 
it  is  important  to  remember  that  at  Koehamptou  Hospital 
for  Limbless  Soldiers  all  cases  of  amputation  are  being 
provided  with  suitable  artificial  limbs  at  the  expense  of 
the  State. 

I  am  largely  indebted  for  information  relating  to  the 
Shepherd's  Bush  Hospital  to  the  courtesy  and  assistance  of 
Major  Jenkins,  R.A.M.C.,  Officer  in  Charge,  Captain  Hill, 
R.A.M.C,  Registrar,  and  Mr.  Poate,  Director  of  Workshops. 

The  medical  staff  is  to  be  congratulated  in  having  con- 
verted within  a  week  what  was  formerly  an  infirmary  into 
a  modern  orthopaedic  hospital. 

Referexcks. 
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Davy,  F.B.S.  -  The  Collected  Papers  of  Ba-on  Lister,  vol.  ii. 
^  Ti'ansactions  of  the  American  Orthopaedic  Association,  1891.  ^  The 
Works  of  John  Hunter.  Edited  by  Palmer.  ^  Anatomy  of  the  Human 
Body.  John  and  Charles  Bell.  6  pi,u.  Trans.  Boijal  Society.  1833. 
1  Position  of  Sir  C.  Bell  among  Anatomists.  Lecture  delivered  by 
Professor  Keith  at  Middlesex  Hospital.  Jannary  19tb,  1911.  Review  of 
Arboreal  Man.  by  G.  Elliot  Smith.  Nature.  February,  1917.  ^  Effective 
Treatment  of  Hip  Disease,  P.  B.  Benuie,  1907. 


ARTIFICIAL    LIMBS. 


A  FEW  words  may  be  added  to  the  last  paragraph  of  Dr. 
Colin  Mackenzie's  article  to  explain  the  organization 
brought  into  existence  for  providing  men  who  have  under- 
gone amputation  with  artificial  limbs.  After  the  com- 
pletion of  his  treatment  in  a  general  military  hospital 
such  a  man  often  requires  special  treatment  for  some 
condition  of  the  stump  which  prevents  the  immediate 
adjustment  of  an  artificial  limb;  among  such  conditions 
are  persistent  sinuses,  bulbous  nerve  ends,  adhesions 
limiting  free  movements  of  a  joint,  and  flexion  of  a  joint 
by  contraction  of  scar  tissue ;  in  some  other  cases  re- 
acaputation  is  necessary  in  order  to  obtain  a  suitable 
stump.  Such  men  are  sent  to  the  Pavilion  Military  Hos- 
pital, Brighton  ;  the  Alder  Hey  .\uxiliary  Hospital,  Liver- 
pool ;  the  Scottish  Red  Cross  Hospital,  Bellahouston, 
Glasgow ;  the  Edinburgh  War  Hospital,  Bangour ;  or  the 
Welsh  Metropolitan  War  Hospital,  W^hitchurch,  near 
Cardiff.  After  the  completion  of  their  treatment  in  these 
intermediate  hospitals  they  are  sent  to  be  fitted  with  the 
artificial  limb  to  special  hospitals — Queen  Mary's  Hospital, 
Eoehampton,  near  London ;  Erskine  House,  Glasgow ; 
Edenhall  Hostel,  Kelso ;  the  Prince  of  W'ales  Hospital  at 
Cardiff ;  the  Ulster  Volunteer  Force  Hospital,  Belfast ;  or 
the  Duke  of  Connaught's  Hospital  at  Bray,  co.  Wicklow. 
Other  hospitals  for  the  same  purpose  are  being  established 
at  Leeds,  Manchester,  and  Liverpool. 

For  the  most  part  all  artificial  limbs  are  made  in  work- 
shops attached   to  these   hospitals,  and  the  man,  before 


being  discharged,  is  practised  in  their  use  and  any  defects 
discovered  adjusted.  It  is  intended  that  these  hospitals, 
or  some  of  them,  shall  be  permanent  institutions  to 
which  men  can  at  any  time  return  for  the  repair  or 
refitting  of  their  artificial  limbs.  Steps  are  being 
taken  for  the  standardization  of  artificial  limbs,  and 
the  branch  of  the  Ministry  of  Pensions  concerned  with 
their  supply  and  renewal  has  formed  a  collection  at 
the  Royal  Hospital,  Chelsea. 


AMPUTATIONS    OF    THE    UPPER    LIMB. 

Many  trades  are  open  to  a  man  who  has  lost  a  lower 
limb  or  even  both,  but  the  choice  of  a  man  who  has  lost 
an  arm  is  more  limited,  and  if  he  desires  to  engage 
in  manual  labour,  such  as  agricultural  or  mining,  he 
needs  a  prosthetic  appliance  which  will  stand  rough 
work. 

An  appliance  for  amputation  through  the  forearm  which 
is  considered  bj'  experts  to  be  one  of  the  best  and  most 
practical  yet  devised  for  such  men  is  the  invention  of 
Mr.  Thomas  Williams,  who,  when  working  in  a  Welsh 
mine  forty  years  ago,  met  with  an  injury  for  which  he  had 
to  undergo  amputation  of  the  right  forearm  four  inches 
below  the  tip  of  the  olecranon  process,  .\fter  many 
experiments  he  made  a  hook  arm  for  himself,  which  has 
enabled  him  to  earn  his  living  as  a  collier,  a  mechanic,  and 
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in  otlier  ways.  The  construction  of  the  limb  ft  ilhistrated 
in  the  diagram,  which  is  tal;en  from  the  patent  specifica- 
tion. The  forearm,  a,  is  made  in  one  piece  of  stout  or  stiff 
leatlier,  and  the  casing  for  the  upper  arm  is  formed 
in  two. pieces,  B.  e,  of  soft  or 
pUahle  leather  attached  to  the 
forearm.  These  pieces  are  eyc- 
letted  and  laced  together,  so  as 
to  clasp  the  upper  arm,  soft 
tongues,  D,  E,  being  provided 
under  the  laces,  P,  if  desired. 
This  arrangement,  besides  giving 
more  comfort,  renders  it  possible 
in  most  cases  for  the  wearer  to 
attach  the  appliance  in  position 
without  assistance.  "Within  the 
wrist  of  the  forearm  casing  is  a 
block  |G,  Fig.  2)  of  wood  or  other 
suitable  material,  over  the  outer 
part  of  which  is  firudy  fitted  and 
secured  a  dome-shaped  metal  cap 
or  holder,  ii,  having  a  central 
hole  or  socket,  j,  sere  w -threaded 
internally.  A  oorrespondiugly 
threaded  plug,  k,  provided  witli 
an  outer  flange,  L,  is  adapted  to 
screw  into  this  socket.  This 
plug  is  centrally  bored  so  that 
the  shank,  m,  of  the  C- shaped 
hook  can  freely  pass  there- 
through. The  part  of  the  bore 
nearest  to  the  arm  has  an  en- 
larged part,  N,  similar  to  a 
stufiing-box,  to  receive  a  spring,  t 
the  end  of  the  shank  when  placed  therein.  This  spring  is 
compressed  between  abutments  formed  by  the  shoulder,  p, 
in  the  plug,  and  a  nut  or  cap,  Q,  which  is  screwed  on  to 
the  end  of  the  shank,  and  is  small  enough  to  enter  the 
space    J*.        The    plug,     k,    is    then    screwed     into     the 
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The  Wiliiauis  Welsh  Arm 
which  is  coiled  around 


socket,  ,1,  until  the  flange,  l,  meets  its  seating,  e,  and 
the  appliance  is  ready  for  use.  The  hook,  with  its 
shank.  M,  is  free  to  revolve  axially  in  the  plug,  K, 
after  the  latter  is  screwed  home,  but  is  prevented  from 
doing  so  too  freely  owing  to  the 
friction  on  the  ends  of  the  spring 
and  between  the  base  of  the  hook 
and  its  abutment,  s.  When  a 
sudden  pull  comes  upon  the  hook, 
the  spring  is  further  compressed 
and  lessens  the  jar.  Dr.  W.  L. 
Griffiths  of  Swansea,  in  demon- 
strating this  appliance  to  a  local 
meeting  of  the  British  Medical 
Association,  said  that  the  chief 
points  of  interest  were  the  shape 
and  action  of  the  hook  and  the 
mode  of  attachment  to  the 
stump.  The  hook  was  con- 
venient for  using  tools,  for 
lifting,  and  for  pushing.  The 
attachment  of  the  artificial  limb 
by  means  of  soft  leather  flaps 
laced  round  the  upper  arm,  taking 
their  grip  above  the  condyles 
of  the  humerus,  allowed  free 
movement  of  the  elbow-joint. 
Tiie  experience  of  the  inventor, 
who  has  been  using  the  arm 
for  forty  years,  showed  that 
there  was  no  risk  of  pressure 
sores;  the  skin  was  freely  mov- 
able over  the  deeper  tissues, 
and  it  was  not  appreciably  thickened.  Mr.  Williams  could 
use  a  pick  and  shovel,  could  lift  a  wei-ght  of  56  lb.,  could 
swing  a  14  lb.  sledge  hammer,  could  use  a  scythe,  could 
plough,  could  pitch  hay,  and  do  any  other  work  of  an 
agricultural  labourer,  and  could  work  as  a  collier,  a 
mechanic,  and  a  carpenter. 


A  Table  for  Armless  Soldiers. 


The  condition  of  a  man  who  has  undergone  amputation  of 
both  upper  limbs  is  still  more  unfortunate  than  that  of  one 
who  has  suffered  amputation  of  both  lower  limbs.  At  the 
hospitals  for  limbless  men  many  ingenious  devices  have 
been  tested,  and  much  has  been  done  towards  the  stan- 
dardization and  simplification  of  prosthetic  appliances  for 


Inventions  Department  of  the  Ministry  of  Munitions.  It 
will  enable  the  man  to  occupy  himself  during  the  absence 
of  his  attendant,  aud  as  he  gains  the  necessary  dexterity  it 
should  be  possible  for  him  to  feed  himself,  perform  various 
operations,  aud  write.  Fig.  1  is  a  front  view  of  the  table, 
and  Fig.  2  a  sectional  viev?  showing  the  arrangement  of 


the  upper  limb  A  table  for  the  man  in  the  unhappy 
position  of  having  undergone  amputation  of  both  upper 
limbs,  leaving  stumps  too  short  for  the  fitting  of  a  satis- 
factory arm  of  the  usual  type,  designed  by  Mr.  C.  A. 
Sheehan,  has  recently  been  approved   by   the  Munitions 


the  turntable  with  its  ball  bearings  and  central  leg,  and  of 
the  sliding  platform  with  its  actuating  lever.  Fig.  3  is  a 
plan  view  of  the  complete  table.  Figs.  4,  5,  and  6  show 
details.  The  appliance  is  operated  chiefly  by  the  use  of  the 
legs  and  feet,  with  the  occasional  assistance  of  the  head. 
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The  operator  sits  in  front  of  tho  tablo  with  the  iiioclianioal 
arm  A  beforo  him,  aiul  is  thuH  ablo  to  movo  tho  shcHuf; 
platform  u  by  moans  of  the  lovor  n,  anl  tho  tiirntabhi  c  by 
means  of  tho  lof<  v,  so  as  to  bring  objoets  on  tliciu  within 
reach  of  tho  tongs,  d,  of  tho  arm.  Tlio  turntablo  c  rests  on 
ball  bearings,  s,  and  can  thus  rotate  and  also  move  sliglitly 
in  a  linear  direction  in  tho  plane  of  tho  table.  The  tongs 
are  controlled  and  the  arm  moved  by  tho  ball  of  tho 
operator's  foot,  which  is  placed  in  one  of  tho  shoes  G,  or 
G.jl  pressure  on  the   shoo  (i^  opens  the  tongs  (which  are 


tion.  An  article  gripped  in  the  jaws  can  thus  be  raised 
even  to  the  top  of  the  head  of  the  operator.  The  ball  and 
socket  joint  11,  together  with  the  arm  A,  can  bo  moved 
slightly  relatively  to  the  table  along  a  slide.  Vessels 
and  cutlery  for  use  with  the  table  require  to  bo  specially 
shaped  or  adapted  in  order  that  they  may  be  firmly 
gripped  by  tho  tongs;  for  e.Karaple,  the  cup  (Fig.  5)  is  a 
conical  vessel,  and  is  gripped  close  to  the  bottom  flange, 
and  the  knife  .1  (l"'ig.  6)  is  held  by  tho  rubber-faced  attach- 
ment K.     .\  sheet  metal  attachment,  u,  is  provided  on  the 
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Fig.  6. 


normally  held  closed  by  a  spring  Ji  and  a  weight  N)  by 
means  of  a  flexible  wire,  o,  passing  over  guide  pulleys. 
On  releasing  the  pressure  on  the  shoe  o.,  the  sliding 
weight  N  falls  and  closes  the  tong  jaws  with  sufficient  grip 
for  most  purposes  without  any  force  being  exerted  by  the 
operator.  If,  however,  a  specially  strong  grip  is  required, 
it  is  obtained  by  pressure  on  the  shoe  G,,  which  forcibly 
closes  the  jaws  by  means  of  a  flexible' wire  connexion,  p, 
fixed  to  the  weight  N.  The  arm,  which  is  a  rigid,  inverted 
L-shaped  member,  is  universally  suspended  by  a  ball  and 
socket  joint  h,  so  that  by  appropriate  motions  of  the  foot 
the  arm  can  be  twisted  or  raised  in  practically  any  direc- 


arm  a  for  turning  over  the  pages  of  a  book,  and  for  dealing 
with  sheets  of  paper,  and  a  shaped  attachment,  T,  for  a 
cigarette,  etc.,  is  provided.  Fig.  4  shows  a  writing  easel. 
The  writing-pad  is  laid  on  the  front  face  after  having  been 
folded  round  a  wire  frame,  projections  of  wliioh  rest  in 
the  notches  of  the  plates,  so  that  the  frame  can  be  pushed 
up  notch  by  notch  as  each  line  of  writing  is  completed ; 
the  easel  is  hinged  at  the  bottom  and  supported  by  a  saw- 
toothed  bar  resting  on  a  curved  spring,  tjnder  the  pressure 
of  the  pencil,  which  is  held  in  the  tongs,  the  easel  yields, 
slightly,  and  this  movement  facilitates  the  formation  of 
the  upstrokes  necessary  in  writing. 


CHAPTEE   IX. 

THE  INVESTIGATION  OF  THE   SIGNIFICANCE   OF  DISORDERS  AND 
DISEASES   OF   THE   HEART   IN   SOLDIERS. 

BY 

Sir  T.  CLIFFORD  ALLBUTT,  K.C.B.,  M.D.,  F.R.S., 

EEGirs  Pbofessoe  of  Putsic  in  the  Univebsitt  of  Cambkidge;  President  of  the  Bhitish  Medicai.  Association. 


Dr.  Lewis's  Report  on  the  work  done  at  Mount  Vernon 
on  Disorders  of  the  Heart '  as  seen  in  the  soldier  is  so 
careful  nud  complete  that  there  is  little,  at  present,  to  add 
to  it,  and  the  comments  I  am  requested  to  make  upon  it 
can  he  but  few. 

One  main  result  of  the  investigation  is  to  strengthen  the 
opinion  which,  before  these  researches  were  established, 
was  gaining  ground — namely,  that  "heart  strain,"  a  phrase 
•a  few  years  ago  in  common  use  and  application,  is  a  rare 
event.  In  the  article  on  Stress  on  the  Heart  in  .\llbutt  and 
Rolleston's  Si/stem  of  Medicine,  an  article  which  expressed 
the  opinions  at  that  time  of  Roy,  Michell.  and  myself,  we 
likewise  had  affirmed  that  "  for  one  case  of  disability  due 
to  strain,  or  even  of  sharp  overstress,  there  are  fifty  of 
secondary  and  incidental  derangement."  And  again  ;  "  As 
the  animal  mechanism  attained  many  wider  and  more 
various  powers  of  survival  yet  scarcely  even  a  momentary 
independence  of  the  heart,  this  organ  must  itself  have 
attained  to  an  enormous  endurance,  and  resources  almost 
illimitable."  But  in  the  same  essay,  under  "  Infections," 
I  said  that  "  stresses  upon  hearts  under  this  detri- 
ment result  only  too  often  in  (heart)  strain  ..." 
'•  experience  inclines  me  more  and  more  to  refer  cases  of 
heart  strain  to  this  category";  and  I  ijuoted  Dr.  Arthur 
Lambert  of  Harrow  who  "  regarded  (in  1904)  the  specific 
fevers  as  the  determinant  of  heart  strain  in  schoolboys; 
anaemia,  general  debility  and  lack  of  training  being 
subordinate  causes.  Up  to  1903,"  he  added,  "  I  was  able 
to  collect  a  number  of  cases  of 'heart  strain,' and  during 
those  years  influenza  was  always  with  us.  After  1904 
we  saw  very  little  of  heart  strain."  With  acute  cardiac 
dilatation  after  such  obvious  infections  as  of  scarlet  fever 
and  diphtheria  we  are  all  familiar,  and  in  the  article  from 
which  I  am  now  quoting  I  stated  that  even  a  "  bad  cold  " 
might  have  some  such  consH(juence,  if  during  the  brunt  of 
it  excessive  exercise  were  undertaken. 

It  was  in  1903,  when  de  la  Camp's  paper-  caoie  into  our 
hands — a  paper  in  wliich  the  author  reported,  rather  to 
our  surprise,  that  the  heart,  far  from  expanding  during 
muscular  effort,  diminished  in  mean  diameter — that,  infec- 
tion apart,  we  began  to  take  a  different  view  of  cardiac 
conditions  under  effort ;  that,  instead  of  working  under 
dilating  stresses,  the  heart  under  exertion  is  normally 
smaller.  Yet  had  we  considered  cardiac  physics  more 
intimately,  we  need  not  have  been  surprised.  It  is  true 
that  in  exercise  beyond  the  capacity  of  the  myocardium 
the  blood  is  heaped  up  in  and  near  the  right  heart  at  the 
gates  of  the  lungs ;  aud  this  the  more  when  the  individual 
is  imperfectly  trained,  or  is  becoming  stale.  But  as  rate 
and  velocity  increase,  and  the  periphery  expands,  the 
output  per  beat  must  be  less;  aud  therewith  the  cardiac 
diameter.  Furthermore,  as  the  heart  has  its  own  blood 
supply,  blood  runs  round  the  heart  many  times  for  once 
rouuil  the  systemic  area. 

The  heaping  up  of  the  blood  in  the  right  heart  and  veins 
is  heavier,  and  tarries  longer,  in  the  untrained.  Training 
is  something  far  more  than  dietetics  and  muscular  exer- 
cise ;  in  the  circulatory  concert  it  means  a  development  of 
the  thorax,  an  unfolding  of  the  lungs,  aud  a  swifter  inter- 
play of  vascular,  nervous  and  chemical  responses. 

In  former  papers  I  have  described  how  in  the  first  few 
minutes  of  increased  effort — for  example  on  starting  to 
climb  a  steep  hill — the  arterial  tree,  as  represented  by  its 
radial  branch,  opens  out,  not  gradually  but  suddenly  :  and 
the  better  the  training  the  sooner  this  expansive  readapta- 
tion  takes  place.  Under  this  change — this  great  reduction 
of  friction — it  is  intelligible  that  the  diameter  of  the  left 
ventricle  should  diminish,  or  the  chamber  empty  itself 
more  completely.  l!ut  in  a  man  growing  stale  under 
training  the  vasomotor  mechanism  loses  its  tone,  and  its 
responses  are  enfeebled.  There  is  no  better  test  of  the 
■'  fitness  "  of  an  athlete  than  to  draw  the  finger-tip  sharply 


down  his  cheek,  when,  if  he  be  "stale,"  the  red  line  will 
be  strong  and  persistent.  In  many  cases  of  "  D.A.H."  at 
Mount  Vernon  this  loss  of  vasomotor  tone  is  conspicuous 
The  hand  when  hung  downward  turns  a  duskier  blue, 
and  its  vessels  empty  when  it  is  held  above  the  liead.  If 
the  finger  be  pressed  upon  such  a  hand  and  removed  the 
white  patch  is  long  in  recovering  its  colour. 

But  the  researches  of  Dr.  Lewis  and  Mr.  Barcroft  at 
Mount  Vernon  raise  quite  a  new  and  a  very  interesting 
problem  :  setting  aside  for  the  while  poisoning  of  the 
myocardium,  may  incidental  infections  produce  any  other 
effects  in  which  the  heart  is  concerned '?  The  answer 
appears  to  be  in  the  affirmative.  These  researches  (p.  19) 
seem  to  discover  a  new  disease,  or  rather  to  discrimi- 
nate more  exactly  the  features  and  nature  of  a  disease  less 
clearly  apprehended  already,  by  Da  Costa  and  others,  as 
'■  soldier's  heart  "  ;  or  by  those  of  us  who  have  written 
upon  "neurasthenia"  as  "cardiac  neurasthenia."  The 
disease  is  one  which  is  not  uncommon  in  the  civil  popula- 
tion: but  under  the  stress  of  the  soldier's  training,  and 
amongst  the  aggregations  of  men  in  modern  armies,  it  is 
more  conspicuous  and  inconvenient.  It  is  of  the  kind  of 
diseases  known  to  our  fathers  as  "  morbi  sine  materia" — a 
disease  witliout  a  lesion.  "  Disease  "  is  a  clinical  not  a 
pathological  term,  and  consists  in  a  series  of  symptoms 
recurring  with  a  fair  uniformity.  At  Mount  Vernon  I 
have  been  much  impressed  by  the  uniformity  of  the  series 
now  chiefly  under  consideration.  It  consists  in  the  main 
of  the  following  terms  or  symptoms: — submammary  pain, 
palpitation  and  quickened  pulse,  shortness  of  breath  on 
exertion,  tremor,  exhaustion,  "  dizziness,"  and  certain 
vasomotor  phenomena.  This  group  of  symptoms  is  too 
uniform  to  be  fictitious  or  fantastic. 

Now  it  will  be  seen  from  the  Report  that  in  these  cases 
— in  this  disease — although  not  rarely  an  infection  takes 
some  place  in  the  history,  the  heart  is  mechanically  un- 
altered. I  am  glad  to  add  my  testimony  to  the  great  care 
and  precision  with  which  these  mechanical  appreciations 
were  carried  out  ;  the  orthodiagraphic  observations  of 
Major  Meakins  and  his  colleagues  being  especially  diligent 
and  valuable. 

The  outcome  so  far  then  is  that  the  fretful  heart, 
known  as  the  "  soldier's  heart,"  is  not  cardiac  strain;  and, 
whatever  the  explanation  may  be,  for  this  I  refer  to  the 
Report,  there  is  this  gain  to  nosology — that  although,  in 
the  past,  heart  strain  aud  what  for  temporary  conveni- 
ence I  may  call  still  "  soldier's  heart  "  have  been  con- 
fused, and  even  clashed  together,  this  disorder  and  that 
are  now  made  separate  and  distinct.  For  "  soldier's  heart  " 
we  need  a  better  name,  aud,  if  it  is  to  be  Greek,  I  have 
suggested  ponopalmosis,  a  compound  word  which  means 
palpitation  on  eft'ort.  Therefore,  with  a  few  chance  excep- 
tions, from  the  jMonnt  Vernon  categor-y  "  heart  strain  "  is 
dismissed. 

Now  by  this  selection  I  do  not  mean  that  heart  strain 
does  not  occur ;  but  that  it  is  generally  a  result  of  some  in- 
fection, is  relatively  infrequent,  and  does  not  constitute 
the  bulk  of  the  cases  invalided  from  the  army  as  "  D,A.H.  " 
(See  Report,  p.  54  f.).  With  the  gradual  and  inevitable 
deterioration  of  the  myocardium  after  maturity  —  say  in 
man  from  the  age  of  35  to  40  onwards — I  have  not 
now  to  deal.  I  have  discussed  this  grave  question  in 
my  Diseases  of  Arteries.^  At  Mount  Vernon  nearly  all 
the  patients  are  under  this  period  of  life.  This  is  one, 
and  the  first  in  importance,  of  the  principles  obtained 
under  Dr.  Lewis's  research  and  direction.  In  the  article 
referred  to  in  the  System  on  Overstress  of  the  Heart 
the  two  classes  of  cardiac  disorder  were  more  or 
less  confused  :  the  cases  which  Roy  and  I  and  Michell 
studied  were,  many  of  them,  ic  is  true,  cases  of  actual 
heart  strain ;  but  effects  for  the  most  part,  if  not  in  all 
instances,   brought    about    under    the   influence   of   some 
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infection.  Moreover,  in  tlioiu  tlio  heart,  the  right  side  of 
the  lieart  usually,  was  detinitoly  dilated  and  the  valves  for 
a  while  often  incompetent.  In  '•  l)..\.ll.  "  the  form  of  the 
heart  is  unaltered  and  the  dyspnoea  acorns  not  to  depend 
directly  upon  the  heart. 

Here  however  I  would  venture  on  some  denuir  to  the 
disrespect  with  which  certain  cardiac  murmurs  have  been 
treated  by  Sir  James  Macken/ie — to  whose  researches  we 
are  all  so  deeply  indebted— and  by  his  disciples.  This  is  an 
extreme  reaction  against  the  obsequious  regard  for  these 
signals  which  not  nnnaturally  prevailed  in  the  generations 
immediately  after  Laenuec.  It  is  true  that  in  concluding 
■"that  the  presence  or  absence  of  murmurs  (wherever  they 
may  be  audible)  is  of  no  value  in  estimating  the  soldier's 
capacity  for  work  "  Dr.  Lewis  premises  that  he  concerns 
himself  only  with  the  capacity  of  a  man  for  military 
service  for  a  subsequent  period  of  undefined  duration. 
This  I  agree  is  true;  under  my  care  at  this  moment  is  a 
man,  aged  32,  suffering  from  mitral  regurgitation,  now  to 
the  degree  of  large  dropsy  and  dyspnoea,  and  in  a  con- 
tlitiou  beyond  substantial  remedy.  He  had  rheumatic 
fever  at  the  age  of  6,  and  was  then  told  that  his  heart  was 
affected.  But  thereafter  nevertheless  for  some  twenty 
years  or  more  he  had  been  at  work  as  a  labourer.  Last 
year  I  had  a  similar  case  in  a  man  who,  after  rheumatic 
fever,  with  damage  to  the  mitral  valve  reported  at  that 
time,  had  notwithstanding  been  occupied  since  as  a  coal- 
heaver  for  sixteen  years ;  and  for  the  while  with  impunity. 
Of  such  cases  I  think  we  must  admit  that  though  for  many 
j'ears  the  mitral  regurgitant  murmur  had  not  indicated 
immediate  pliysical  incapacity,  yet  it  did  indicate  cardiac 
disease,  and  sooner  or  later  cardiac  failure.  That  out  of 
such  a  man  the  State  may  nevertheless  get  a  few  years' 
work,  is  a  decision  which  at  Mount  Vernon  we  may  very 
properly  make  without  cynicism  ;  as  Dr.  Lewis  says,  at 
Mount  Vernon  our  business  is  only  with  capacity  for 
fartlier  service;  still,  as  he  admits,  the  diagnosis,  or  pro- 
gnosis, is  "  open  to  criticism  on  academic  lines  "  ; — that 
is  to  say,  from  the  patient's  point  of  view  ?  And  not  the 
diagnosis  only  but  also  the  rule  of  life. 

Here  may  I  remark  that  the  phrase  "  back  pressure,"  in 
common  use  even  by  expert  writers  on  affections  of  the 
heart,  is  to  me  unintelligible.  Surely  by  an  increase  of 
resistance  in  front  the  blood  pressures  must  be  raised  in 
the  whole  area  concerned  ;  and  equal  in  all  directions,  fore 
back  and  lateral.  To  students  at  any  rate,  not  to  mention 
some  of  their  seniors,  this  fallacious  phrase  suggests  that 
the  blood  stream  is  reversed  !  In  the  generation  of  many 
a  loud  murmur  the  regurgitant  wave,  in  the  strict  sense  of 
the  word,  may  be  very  small ;  possibly  none,  as  a  fluid 
vein  and  turbulent  collisions  of  the  particles  of  the  blood 
may  be  caused  by  changes  in  the  relative  diameters  of  the 
chambers  only.  Or  again,  like  a  stream  from  a  tap  which 
when  turned  slightly  on  may  be  noisy,  but  when  "  full  on  " 
almost  inaudible,  so  the  slenderest  thread  of  regurgitation 
may  make  a  loud  murmur.  Constancy  in  the  degree  and 
quality  of  a  murmur,  as  it  suggests  stability  of  structure 
and  compensation  is  therefore,  on  the  face  of  it,  a  good  sign. 
In  all  cases  of  definite  systolic  murmur  at  the  apex  I 
believe  there  is  regurgitation,  whether  the  condition  be 
temporary  or  permanent.  I  see  no  other  explanation  of 
the  change  of  linear  into  turbulent  motion. 

In  the  class  of  cases  we  are  considering,  functional 
"  murmurs  " — that  is  murmurs  dependent  upon  transitory 
causes — are  very  common  ;  and  I  think  we  are  bound  not  to 
ignore  them  but  to  do  our  best  to  analyse  them  and  dis- 
criminate between  them.  This  I  think  is  not  so  difficult  a 
task  as  it  is  often  said  to  be.  On  the  one  hand  in  the 
"soldier's  heart,"  as  Dr.  Levy  pointed  out  to  me,  a 
systolic  murmur  having  its  chief  seat  along  the  left  costal 
arch  is  very  frequent ;  one  would  guess  it  to  be  but  a  whiff 
of  air  expelled  at  each  jerky  heart  stroke  from  the  lappet 
of  lung.  So  again  in  the  healthiest  young  man  we  may 
hear  a  systolic  inuruuir  over  the  area  of  the  pulmonary 
artery ;  by  this  idle  noise,  although  usually  due  merely  to 
a  slight  impingement  of  the  vessel  upon  the  wall  of  the 
chest,  and  of  no  importance,  many  a  lad  has  been  kept 
out  of  the  football  field.  Let  us  first  eliminate  all  these 
insignificant  noises  from  tlie  list,  and  tlien  on  the  other 
hand  concentrate  our  more  serious  attention  upon  murmurs 
dependent  on  altered  mechanical  states  of  the  lieart; 
though,  as  even  these  are  often  transitory,  a  farther  sub- 
division is  necessary. 

And    for    the    present    let   us   leave   out   of    reckoning 


murmui's  about  the  base  of  the  heart,  and  direct  our  atten- 
tion to  those  referable  to  the  mitral  and  tricuspid  areas. 
Even  when  those  are  transitory,  as  for  example  during 
convalescence  from  an  infection,  it  seems  certain  that  when 
systolic  they  signify  valvular  disorder;  the  valve,  or  more 
probably,  in  transitory  cases,  its  bed,  is  awry ;  and  the 
patient,  so  long  as  the  murmur  remains,  should  be  treated 
on  this  assumption,  For  a  murmur  signifies  the  existence 
of  an  abnormal  fluid  vein,  and  an  abnormal  fluid  vein 
means  abnormal  friction,  and  friction  is  a  waste  of  energy. 
A  young,  vigorous,  and  normal  heart,  with  some  re- 
adjustment, may  afford  to  waste  this  energy — for  a  while; 
but  a  ijcrpetual  waste,  in  an  organ  whose  reserve  is  so 
precious,  cannot  go  on  without  ultimate  harm.  It  is  a 
handicap,  and  the  efforts  cast  upon  such  a  heart  should 
not  bo  iinmoderato. 

In  looking  back  upon  many  years  of  practice  I  recall 
very  vividly,  in  respect  of  the  present  subject,  the 
subsequent  lives  of  many  a  patient  in  whom  a 
mitral  regurgitant  murmur  was  for  years  the  precursor  of 
subsequent  cardiac  incapacity  and  ultimate  failure.  For 
the  change  from  linear  to  vortex  motion  meant  a  fall  in 
velocity,  save  in  so  far  as  the  muscular  structure  of  the  heart 
at  the  part  was  buttressed.  For  many  a  year  perhaps 
a  young  or  comparatively  young  heart,  out  of  its  abundant 
stores,  can  meet  excessive  demands,  and  build  itself  up  at 
threatened  points ;  but  if  the  interval  is  often  a  long  one 
the  event  is  none  the  less  manifest.  The  murmur  in  crucial 
cases  has  been  discovered  accidentally  ;  as  for  example 
in  an  examination  for  some  temporary  disorder,  or  for 
life  insurance  ;  though  cardiac  incapacity  may  not  have 
ensued  for  years  afterwards.  After  an  uncertain  period 
however  the  heart  begins  to  enlarge,  and  the  patient  to 
feel  a  little  transient  dyspnoea  on  unusual  effort;  this 
symptom  increases,  and  the  heart  begins  to  make  itself 
felt;  yet  even  thus  the  patient  may  live  still  for  a  few 
more  years,  and  under  due  precautions  do  not  a  little 
work  of  a  sedentary  kind.  It  is  then  that  effort  tests  may 
betray  myocardial  default,  but  the  patient  has  then 
entered  not  upon  his  disease  but  upon  the  last  stage  of  it. 
Then  nocturnal  dyspnoea  will  appear,  the  ankles  puff  up, 
and  other  symptoms  of  the  final  phase  of  the  malady 
accumulate.  Perhaps  after  this  lapse  of  time  I  may 
refer  to  the  first  case  of  this  kind  of  which  I  had  any 
knowledge — that  of  my  old  master  and  friend  Bence  Jones. 
He  bought  a  flexible  stethoscope,  then  a  novelty,  and  tested 
it  first  upon  himself  ;  unhappily  a  mitral  regurgitant 
murmur  made  itself  heard,  and  although  this  distinguished 
man  lived  on  without  suffering  for  a  while,  and  in  his 
impulsive  way  would  still  forget  himself  so  far  as  to  fly 
up  the  staircase  at  St.  George's  two  steps  at  a  time,  yet 
gradually  the  increasing  friction  in  the  blood,  and  the 
consequent  fall  of  velocity,  made  themselves  felt,  and 
brought  about  his  premature  death.  Scores  of  such  cases 
arise  in  my  mind  as  I  turn  my  eyes  to  the  past ;  some  of 
mitral  regurgitation  consequent  upon  an  infection,  some 
upon  slow  athero-sclerosis  of  the  valve,  and  so  forth.  For, 
I  repeat,  an  endocardial  murmur  means  a  fluid  vein,  an 
eddy;  and  an  eddy  means  friction  and  a  disturbance  of 
linear  motion;  these,  unless  in  some  indifi'erent  area,  mean 
sooner  or  later  a  breakdown  of  the  machine. 

On  one  other  point  I  would  spend  a  few  words — namely, 
on  latent  mitral  stenosis.  In  consultation  the  question 
often  arises  whether  or  no  in  a  particular  case  there  is  a 
murmur  at  the  apex.  •'  Murmurish,"  says  one  ;  another 
that  the  first  sound  is  prolonged ;  another  that  the  first 
sound  is  reduplicated,  but  no niuimnr.  No  "  murmur,"  it  is 
true;  the  added  sound  may  not  be  murmuring  nor  whisper- 
ing, but  an  addition  to,  or  a  hitch  on  the  ordinary  first  sound. 
The  first  sound  may  seem  divided,  with  a  notch  as  it  were, 
in  the  middle  of  it.  Now  the  addition  may  be  before  or 
after  the  true  first  sound  ;  in  the  latter  case,  sooner  or 
later  it  murmurs  more  definitely,  and  betrays  a  mitral 
regurgitation.  With  this  I  am  not  now  concerned ;  in  the 
former  case  it  is  a  sign  of  a  mitral  stenosis,  slight  in 
degree  and  "  compensated."  Now  in  this  case  a  thrill 
— short  perhaps,  and  narrow  in  area,  but  unequivocal — 
may,  if  carefully  sought  for,  be  detected.  But  in  the  absence 
of  cardiac  deformation,  of  definite  murmur,  and  of  proper 
symptoms,  this  thrill  may  not  be  looked  for.  These  latent 
cases  turn  up  in  practice,  civil  or  military,  and,  if  not 
readily  picked  out,  may  be  reckoned  among  "  our  failures." 

As  ail  illustrative  example  of  latent  mitral  stenosis  I 
may  take  the  case  of  Mr.  B.,  a  patient  of  Dr.  Johnson  of 


92 


BRITISH    MEDICINE    IN    THE    WAR,    1914-17. 


Cambridge  whom  I  had  seen  soiue  years  before  for  neur- 
asthenia with  irritable  heart,  to  which  he  was,  and  still  is, 
liable.  Dr.  Johnson  sent  him  to  me,  in  respect  of  a  call  to 
militai'y  service,  with  a  note  of  a  faint  and  variable  pre- 
systolic murmur.  He  had  had  rheumatic  fever  but  with 
no  record  of  cardiac  affection.  The  first  sound  was  short 
and  snappy,  but  his  heart  had  always  been  irritable,  and 
on  this  visit  I  could  not  hear  any  murmur  unless  it  were, 
for  a  beat  or  two  after  putting  him  through  somee.xercises, 
a  very  fleeting  presystolic  sound — so  fleeting  as  to  be  hard 
to  define  or  record.  The  heart's  dimensions  were  to  per- 
cussion normal.  While  murmur  hunting  I  forgot  till  the 
last  moment  to  feel  for  a  thrill ;  but  theu  I  found  a  short 
apex  thrill  clearly  perceptible,  and  presystolic  in  time. 
Some  ten  days  later  I  examined  him  again,  and  on  this 
occasion  a  presystolic  murmur  was  audible,  brief  and  soft 
but  decisive.  Oddly  enough,  now  the  thrill  had  vanished ; 
again  and  again  I  tried  to  find  it  but  in  vain.  So  capricious 
is  this  disease  in  its  physical  signs,  and  so  elusive  are  its 
signs,  in  respect  of  military  service  or  of  life  in.surance.  I 
am  not  as  yet  ready  to  accept  a  detiuite  distribution  of 
stenosis  murmurs  into  early,  middle,  and  late.  Again,  a 
young  friend  of  mine,  very  active  both  in  mind  and  body, 
and  anxious  to  serve  in  the  army,  has  been  rejected  on 
two  occasions  for  "soldier's  heart."  He  has  a  slight  addi- 
tion to  the  short  first  sound  and  a  short  presystolic  thrill. 
He  has  never  had  rheumatic  fever  nor  other  illness. 

We  have  had  a  complicated  illustration  of  this  phase  in 
the  Mount  Vernon  Hospital.  With  Dr.  Wilson  and  another 
colleague  I  examined  a  man  with  the  obvious  signs  of 
aortic  regurgitation.  The  question  ai'ose  whether  or  no 
a  divided  first  sound,  audible  at  the  apex  only,  signified 
a  reduplication  of  the  first  sound.  This  it  scarcely  seemed 
to  be ;  the  taps  were  too  close  and  the  first  one  too  light 
and  brief;  but  I  thought  I  recognized  in  it  such  a  split  in 


the  first  sound  as  I  have  described.  The  carotid  beat 
being,  as  usual  in  such  cases,  only  too  definite,  we  were 
able  to  conclude  that  the  fir.st  tap  of  the  duplex  sound 
was  presystolic.  Following  this  up  we  detected  a  I5re- 
systolic  tin-ill,  short  and  light  but  quite  distinct. 

A  thrill  must  be  very  carefully  placed  and  timed,  for  in 
many  of  these  irritable  hearts  a  systolic  thrill  can  be  felt; 
perhaps  in  most  of  them  if  some  effort  be  made  just  before 
examination.  It  is  short  but  often  very  distinct  to  the 
touch.  It  is  not  felt  about  the  base  of  the  heart,  and  is 
therefore  not  due  to  a  slack  aorta.  How  the  thrill  is 
generated  it  is  not  easy  to  say.  Very  often  in  these  cases 
a  systolic  murmur  at  the  apex  is  recorded,  an  alteration  of 
the  first  sound,  more  like  a  prolongation  of  it  with  some 
change  of  quality  than  like  a  definite  murmur  of  mitral 
regurgitation.  To  suggest  the  cause  of  this  thrill  is  but  to 
guess;  but,  if  I  may  guess,  my  suggestion  would  be  that 
in  these  cases  the  papillary  muscles  and  their  chords  may 
be  a  trifle  slack,  so  that  the  mitral  sheets  shiver  a  little  in 
the  current,  as  a  sail  shivers  when  the  boat  gets  near  the 
wind.  Such  a  cjuaver  would  be  transmitted  to  the 
ventricular  wall,  and  thence  to  the  thoracic.  In  such  a 
condition  there  might  well  be  a  minute,  inconstant,  and 
insignificant  regurgitation  also  ;  though  ordinarily  in  mitral 
regurgitation  there  is  no  thrill. 

In  conclusion,  I  hope  it  may  not  be  unbecoming  in  me 
as  a  member  of  the  staff,  but  rather  an  oulooker  than  of 
effectual  service,  to  ofi'er  my  tribute  of  praise  to  the  author 
of  this  Keport ;  a  brief  summary  of  infinite  pains,  of  bis 
own  and  of  those  of  his  colleagues  who  are  and  have 
been  on  resident  duty  at  the  hospital. 
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'WoDNDS  of  the  chest  do  not  as  a  rule  reach  the  bases  in 
France  until  the  fourth  day  after  the  infliction  of  the 
wound,  except  in  periods  of  heavy  fighting,  then  they  may 
arrive  much  earlier,  that  is,  on  the  second  day.  The  ob- 
servations recorded  in  this  paper  deal  more  especially  with 
cases  observed  from  the  third  or  fourth  day  up  to  about 
three  weeks  after  the  occurrence  of  the  injury,  and  thus 
they  deal  with  only  a  portion  of  the  subject.  Gunshot 
wounds  of  the  chest  are  usually  divided  into  those  pene- 
trating and  involving  the  lungs  or  other  thoracic  viscera, 
and  the  non-penetrating,  although  it  is  not  always  possible 
to  be  certain  during  life  that  an  apparent  non-penetrating 
wound  is  really  such.  Non-penetrating  wounds  may,  how- 
ever, give  rise  to  pleural  and  pulmonary  lesions,  and  in 
a  certain  proportion  of  cases  of  simple  clean  perforating 
bullet  wounds  of  the  chest  the  positions  of  the  entry  and 
exit  wounds  suggest  that  the  bullet  does  not  only  pass 
through  the  chest  but  also  through  the  lung,  nevertheless 
there  are  no  signs  or  symptoms  indicating  the  presence  of 
either  air  or  fluid  in  the  pleura,  and  such  cases  may 
recover  rapidly  and  apparently  completely.  Pleurisy  and 
empyema  are  the  most  common  pleural  lesions  produced 
by  wounds  of  the  chest  wall  not  involving  the  lung.  The 
pleurisy  is  often  at  first  dry,  but  not  uncommonly  an 
effusion  follows,  and  since  such  lesions  are  often  due  to 
streptococcal  infections  spreading  from  the  wound  track  in 
the  chest  wall  to  the  pleura,  an  empyema  of  the  usual  type 
develops  and  requires  the  usual  treatment. 

Haemoptysis,  haemorrhagic  infiltration  of  the  lungs,  and 
pneumonia  of  a  septic  bronchopneumonio  type  are  the 
pulmonary  lesions  that  may  follow  on  a  wound  limited 
to  the  chest  wall.     In  addition  to  these,  collapse  of  the 


lung  of  a  massive  type  may  occur  on  the  side  opposite  to 
the  injury  even  when  the  latter  causes  no  pleural  or 
pulmonary  lesion  on  the  side  injured.  The  haemoptysis 
and  the  septic  pneumonia  are  both  directly  associated  with 
the  bruising  and  consequent  bleeding  into  the  lung  pro- 
duced by  the  impact  of  the  missile  on  the  chest  wall  and 
the  resulting  injury  to  the  chest  wall  and  lung.  The 
haemoptysis  may  not  only  be  severe,  but  may  also  run 
a  long  course,  and  some  of  the  most  severe  cases  of 
haemoptysis  seen  by  the  writer  in  a  very  large  series  of 
chest  cases  were  those  in  which  the  missile  only  bruised 
the  chest  and  had  not  only  not  produced  any  wound,  but 
where  there  was  no  evidence  of  any  fractured  ribs. 

The  bruised  and  blood  infiltrated  lung  is  very  prone 
to  become  infected  either  from  the  lung  or  by  the  spread 
of  infection  from  the  wound  track  in  the  chest  wall,  and 
hence  pneumonia  of  septic  or  of  a  bronchopneumonic  type 
develops.  In  some  cases  wounds  of  the  chest  wall  lay 
open,  the  pleural  cavity  but  do  not  involve  the  lung,  a 
portion  of  the  chest  wall,  more  especially  in  its  lower 
parts  or  at  the  back,  is  carried  away  and  a  gaping  hole, 
often  of  considerable  size,  is  left.  In  such  cases  the  lung 
does  not  as  a  rule  undergo  complete  collapse,  although 
the  pleural  cavity  is  in  free  communication  with  the  air. 
In  fact,  the  volume  of  the  lung  seems  to  approximate  to 
that  seen  after  death  when  the  pleura  is  open,  and  there- 
fore the  pulmonary  collapse  is  markedly  less  than  that 
seen  in  ordinary  pneumothorax  where,  as  is  well  known, 
very  complete  collapse  occurs,  yet  in  the  latter  cases  the 
intrapleural  pressure  may  not  be  above  that  of  the 
atmosphere. 

Penetrating  wounds  of  the  chest  usually  produce  one  or 
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more  of  the  following  contlitious  :  suboutaueous  onipliy- 
seuia,  haemothoi-iix,  pntniuiotlioi-ax,  laooi'ation  of  tlio  luut;. 
These  conditions  luay  iKil  only  arise  wlicro  tlio  wound  is 
one  obviously  involvinj;  the  cliost,  or  wlion-e  the  wound  of 
entry  is  near  tlio  chest  -for  example,  the  neck  or  the 
abdomen  especially  in  its  upper  part ;  hut  wounds  in 
other  regions — for  example,  the  face  or  arm — may  also 
give  rise  to  haemothorax  or  pneumothorax  from  the 
course  of  the  bullet  boin^  peculiar  owing  to  the  position 
of  the  soldier  at  the  moment  he  is  struck.  In  such  cases 
there  is  often  only  a  wound  of  entry,  and  this  mB.y  be 
small  and  inconspicuous,  but  yet  a  large  haemothorax  or 
even  a  pneumothorax  may  be  present. 

Further,  in  wounds  of  the  chest  the  haemothorax  or 
pneumothorax  may  be  on  the  side  opposite  to  the  wound 
of  entry ;  the  missile  taking  an  obliyue  cour.se  may  enter 
on  one  side,  more  especially  in  wounds  of  the  back,  and 
follow  such  a  course  that  it  does  not  open  the  i^leural 
cavity  on  the  side  of  entry,  although  opening  that  on  the 
opposite  side  without  or  witli  a  wound  of  exit.  Again,  in 
some  instances  a  bullet  may  enter  and  leave  the  pleural 
cavity  on  one  side  without  causing  any  appreciable  lesion 
on  that  side,  and  yet  .so  wound  the  pleura  and  lung  on  the 
opposite  side  as  to  cause  marked  lesions. 

Bilateral  haemothorax  is  sometimes  seen  as  a  result 
of  a  single  wound  the  track  of  which  is  transverse  or 
oblicjue,  and  haemopericardium  may  occur  in  association 
with  either  unilateral  or  bilateral  haemothorax. 

Unilateral  wounds,  liowever,  may  cause  bilateral  effects 
owing  to  the  development  of  contralateral  collapse  or 
contralateral  pneumonia. 

The  subcutaneous  or  so-called  surgical  emphysema  so 
often  present  in  chest  wounds  is  usually  limited  to  the 
vicinity  of  the  wound  or  to  an  area  of  the  chest  wall 
adjacent  of  variable  size.  In  exceptional  instances  its 
distribution  is  more  extensive,  and  it  ma}'  sometimes 
involve  not  only  the  trunk  but  even  the  whole  body, 
including  the  face  and  extremities. 

H.IEMOTHORAX. 

Haemothorax  is  the  most  common  result  of  a  chest 
wound  ;  both  pneumo-haemothorax  and  pneumothorax  are 
relatively  rare,  and  in  a  series  of  328  cases  of  gunshot 
wounds  of  the  chest  only  8  cases  of  the  former  and  4  cases 
of  the  latter  were  observed.' 

The  haemothorax  may  be  either  sterile  or  infected,  and 
if  the  latter  the  infection  may  be  either  early  or  late.  If 
early,  the  infection  occurs  within  the  first  few  days  after 
the  infliction  of  the  wound,  and  is  doubtless  dependent 
upon  infective  material  being  not  only  carried  in  witli  the 
missile,  but  directly  infecting  the  effused  blood  generally 
and  rapidly.  In  such  cases  exploration  of  the  haemothorax 
reveals  the  presence  of  organisms  in  the  fluid  withdrawn. 
Infection,  however,  may  occur  later,  that  is,  in  the  second 
or  third  week  after  the  receipt  of  the  wound.  Such  cases 
may  at  first  run  the  course  of  a  sterile  haemothorax,  with 
but  few  symptoms,  and  the  fluid  removed  by  paracentesis 
may  fail  to  show  the  presence  of  any  organisms.  Suddenly 
urgent  symptoms,  such  as  increasing  fever,  dyspnoea,  pain, 
rapid  pulse  and  jaundice,  arise,  and  paracentesis  then  reveals 
the  presence  of  organisms  in  the  fluid  withdrawn.  Tiie 
infection  may  be  more  or  less  localized,  and  more  especially 
so  in  the  lower  portions  of  the  chest,  and  in  such  cases 
paracentesis  may  yield  different  results  according  to  the 
site  explored ;  at  one  spot  a  sterile  fluid  may  be  obtained 
and  at  anotlier  at  no  great  distance  from  tlie  first  a  fluid  of 
a  totally  different  cliaracter  containing  abundant  organisms. 
This  is  especially  the  case  witli  anaerobic  bacillary  infec- 
tions. It  is  probable  that  in  many  cases  the  explanation 
of  the  rapid  development  of  the  clinical  picture  of  infection, 
in  the  course  of  what  seemed  for  some  days  to  be  a  case  of 
simple  sterile  haemothorax,  is  to  be  sought  in  the  fact  that 
the  infecting  agent,  that  is,  fragment  of  clothing,  etc.,  was 
shut  oft"  by  blood  clot  from  the  general  mass  of  haemo- 
thorax fluid  in  the  chest.  Later,  owing  to  the  spread  of 
infection  through  the  clot,  the  haemothorax  becomes 
infected  as  a  whole,  and  hence  tlie  rapid  development  of 
urgent  and  very  dangerous  symptoms.  In  a  series  of  450 
cases  of  haemothorax  observed  by  Bradford  and  Elliott 
infection  was  present  in  117 — that  is  to  say,  roughly,  in  25 
per  cent. ;  and  Captain  H.  Henry,  wlio  carried  out  the 
bacteriological  investigation,  found  that  lung  organisms 
such  as  the  pneumococcus,  B.  in/tiicn::iif  iiud  M.  trinujcnns, 
were  present  in  some  20  per  cent,  of  the  infected  cases,  and 


that  in  the  remaining  80  per  cent,  streptococci,  staphylo- 
cocci, and  anaerobic  gas-forming  bacilli  were  found. 

In  approximately  50  |)er  cent,  of  the  infected  cases 
anaerobic  b.-iciUi,  either  alone  or  in  association  with  cocci, 
were  present;  hence  it  would  seem  that  infection  of  a 
haemothora.x  is  much  more  frequently  derived  from  the  skin 
or  clothing  than  directly  from  the  lung.  In  some  instances 
the  pleural  infection  arises  from  direct  extension  from  the 
infected  wound  track  in  the  chest  wall,  and  such  a  mode 
of  spread  may  lead  to  the  development  of  pleural  and 
pulmonary  complications  in  cases  of  wounds  limited  to  the 
chest  wall,  and  not  directly  involving  eitlier  the  pleura  or 
the  lung. 

Henry  and  Elliott-  have  studied  the  morbid  anatomy  of 
wounds  of  the  chest  in  a  series  of  100  cases  observed  in 
hospital  at  one  of  the  bases  in  France.  Tliese  observations 
deal  only  with  cases  that  succumbed  from  the  third  day  to 
the  third  week  after  the  infliction  of  the  wound,  and  one 
of  the  most  striking  facts  ascertained  \\;as,  that  witliin 
these  limits  of  time,  death  from  haemorrhage  as  a  result  of 
a  wound  of  the  chest  was  very  rare.  Thus,  in  a  series  of 
78  fatal  cases  of  simple  haemothorax  there  were  70  in 
which  either  infection  or  an  additional  visceral  complica- 
tion, or  both,  were  present.  In  the  remaining  eight  cases, 
where  death  might  have  been  due  to  haemorrhage, 
purulent  bronchitis  was  present  in  three,  and  in  four 
cases  no  record  existed  as  to  whether  sepsis  was  present 
or  not,  thus  leaving  only  one  case  in  which  haemorrhage 
alone  could  be  definitely  asserted  to  be  the  sole  cause  of 
deatli. 

Septic  infection  is  by  far  the  most  frequent,  and  there- 
fore the  most  important,  cause  of  death  in  cases  of  haemo- 
thorax that  survive  the  first  few  days  immediately 
following  the  wound. 

Secondary  haemorrhage  is  also  extremely  rare,  and  in 
this  series  of  100  fatal  cases  only  three  instances  were 
recorded ;  in  two  cases  the  haemorrhage  took  place  into 
the  pleural  cavity,  and  in  one  a  fatal  haemoptysis  occurred 
from  a  vessel  in  the  vicinity  of  a  small  abscess  in  the  lung 
round  a  fragment  of  shell.  The  writer  has  only  seen  one 
other  instance  of  fatal  haemoptysis  due  to  secondary 
haemorrhage  in  tlie  course  of  observations  on  many 
hundred  cases  of  gunshot  wound  of  the  chest,'and  here 
also  it  was  due  to  the  lesions  produced  by  a  fragment  of 
shell  embedded  in  the  lung. 

Tlie  more  important  points  in  the  morbid  anatomy 
of  haemothorax  are  the  following  :  The  degree  of  collapse 
of  the  lung,  and  especially  of  the  lower  lobe,  is  very 
marked,  and  would  seem  often  to  be  greater  in  amount 
than  that  usually  seen  in  pleural  effusions.  The 
over-distension  and  so-called  emphysema  of  the  upper 
portion  of  the  lung  above  the  fluid  is  certainly  far 
greater  than  that  seen  in  cases  of  pleural  e&'usion. 
The  anterior  part  of  the  upper  lobe  of  the  lung  is  fre- 
quently pressed  up  against  the  chest  wall,  and  the 
anterior  margin  of  the  lung  frequently  extends  beyond  the 
middle  line.  Tliere  may  be  a  line  of  loose  fibrinous 
adhesions  gluing  the  surface  of  the  lung  to  the  chest  wall 
at  the  upper  limit  of  the  eff'used  bloood.  The  parietal 
pleura  in  the  area  corresponding  to  the  effused  blood  is 
coated  with  a  layer  of  fibrin  one-eighth  to  one-quarter  of 
an  inch  thick,  and  the  surface  of  the  collapsed  lung  is 
similarly  covered  to  a  greater  or  less  extent  with  a  layer 
of  fibrin.  The  collapsed  lung  on  the  side  of  the  haemo- 
thorax rarely,  if  ever,  pre.sents  signs  of  inflammation 
except  in  the  immediate  vicinity  of  the  wound  track 
in  the  lung  or  round  any  retained  foreign  body. 
Pneumonic  consolidation  is  not  found  in  the  lung 
beneath  the  haemothorax.  Purulent  bronchitis  may 
be  present  not  only  in  the  contralateral  lung  but  also 
in  the  emphysematous  portion  of  the  lung  on  the  side  of 
the  haemothorax,  but  above  the  fluid.  The  great  collapse 
of  the  lung  would  seem  to  be  not  only  a  safeguard  against 
further  haemorrhage  in  cases  where  the  lung  is  wounded, 
but  also  a  very  etficient  protection  against  the  develop- 
ment of  inflammatory  complications.  There  is  some  evi- 
dence to  suggest  tliat  wounds  of  the  apices  of  the  lungs — 
that  is,  the  portion  that  would  collapse  last — are  asso- 
ciated with  large  collections  of  bloody  fluid  in  the  pleural 
cavity. 

The  bloody  fluid  present  in  the  chest  in  cases  of  haemo- 
thorax consists  in  the  main  of  defibrinated  blood — that  is, 
a  mixture  of  scrum  and  blood  corpuscles,  often  presenting 
to  the  eye  a  considerable  resemblance  to  blood,  but  differing 
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from  it  in  that  it  does  uot  usually  undei-go  massive 
clotting  after  removal  from  the  chest.  The  parietal  and 
visceral  pleurae  are  covered  to  a  greater  or  less  extent  with 
a  layer  of  fibrin,  and  it  is  probable  that  the  defibrination 
o£  the  blood  occurs  as  a  result  of  the  movements  im- 
parted to  it  by  the  respiratory  and  cardiac  movements,  and 
that  it  usually  takes  place  very  soon  after  the  blood  is  poured 
out  into  the  chest.  Direct  experiment  has  shown  that  the 
bloody  fluid  in  haemothora.x  contains  no  fibrinogen,  and 
hence,  that  although  it  resembles  blood  to  the  eye,  clotting 
lias  really  taken  place,  and  that  it  is  in  reality  defibrinated 
blood  (Elliott  and  Henry). 

Even  in  cases  of  sterile  haemotliorax  the  whole  of  the 
fl.uid  in  the  chest  is  not  defibrinated  blood.  This  is  shown 
by  two  facts :  first,  the  cell  content  of  the  fluid  is  different 
from  that  of  defibrinated  blood  in  that  au  increased  number 
of  lympliocytes  may  be  present  together  with  endothelial 
cells,  eosinophile  cells  sometimes  in  considerable  numbers, 
and  marrow  cells;  secondly, the  quantity  of  fluid  is  some- 
times very  large,  that  is,  four  to  five  pints,  and  even  then 
the  patient  may  not  show  any  gross  or  obvious  signs  of 
anaemia.  Hence  it  is  evident  that  there  is  some  pleural 
exudate  as  a  sequel  to,  and  result  of,  the  presence  of  the 
blood  in  the  pleural  cavity.  In  some  cases  further  evidence 
of  the  presence  of  pleural  exudate  is  afforded  by  the  occur- 
rence of  a  slight  and  peculiar  clotting  in  the  fluid  removed 
from  the  chest  by  paracentesis.  This  clotting  resembles 
that  seen  in  the  fluid  of  ordinary  pleural  effusions,  but 
differs  from  it  in  that  the  coagulum  contains  abundant  red 
corpuscles.  Tliis  clot,  although  containing  red  corpuscles, 
is  often  scanty  and  generally  gelatinous  in  consistence,  and 
hence  quite  difl'ereut  in  appearance  from  the  clot  formed 
from  normal  entix-e  blood.  The  superficial  resemblance  of 
this  "  secondary  clotting,"  as  it  is  termed  by  Elliott  and 
Henry,  to  true  clotting  is  readily  explained,  inasmuch  as 
the  pleural  exudate  has  added  coagulable  material  to  the 
defibrinated  blood  present  in  the  pleural  cavity  and  the 
abundant  red  corpuscles  present  have  been  entangled  to  a 
greater  or  less  extent  in  the  coagulation.  In  a  small  number 
of  cases  defibrination  of  the  extrava.sated  blood  would  seem 
not  to  occur,  and  paracentesis  then  reveals  the  i^resence  of 
a  mass  of  soft  jelly-like  clot  that  blocks  the  needle  and 
prevents'  satisfactory  aspiration  ;  presumably  in  such  cases 
more  or  less  massive  clotting  has  taken  place. 

In  infected  haemotliorax  the  pleural  exudate  is  much 
more  abundant,  and  iience  numerous  polymorphonuclear 
leucocytes  are  found  on  microscopic  examination,  and  the 
fluid  removed  by  exploratory  puncture  may  yield  a  deposit 
of  pus  visible  to  the  naked  eye.  The  fluid  itself  is  often  of 
a  crimson  colour  from  the  haemolysis  that  has  taken 
place.  Massive  clotting  would  also  seem  to  be  more 
common  in  infected  cases,  since,  both  at  operations  and  iu 
the  post- niortei)/  room,  large  clots  may  bo  found,  especially 
in  the  lower  part  of  the  pleural  cavity  between  the 
diaphragm  and  the  chest  wall,  and  also  iu  the  vertebral 
groove.  In  these  infected  cases  the  inflammatory  exudate 
is  apt  to  be  poured  out  rapidly,  and  a  sudden  considerable 
increase  in  the  amount  of  fluid  in  the  chest  is  often  strong 
clinical  evidence  o(  the  presence  of  infection,  since,  as 
mentioned  above,  secondary  haemorrhage  into  the  pleural 
cavity  in  haemotliorax  is  very  rare,  and  then  only  occurs 
in  infected  cases.  In  sterile  cases  there  is  neither 
secondary  haemorrhage  nor  a  sadden  copious  effusion  to 
cause  any  sudden  great  increase  in  the  amount  of  fluid 
present  in  the  pleural  cavity.  In  a  considerable  proportion 
of  these  infected  cases  there  is  not  only  a  rapid  pouriug 
out  of  inflammatory  exudate,  but,  in  addition,  there  is  gas 
formation,  owing  to  the  infection  being  dependent  upon  the 
presence  of  anaerobic  gas-producing  organisms.  The  de- 
velopment of  gas  is  often  very  rapid,  aud  such  cases  may 
present  very  urgent  signs  and  symptoms  that  increase 
rapidly  in  the  course  of  a  few  hours.  In  others  the 
clinical  picture  is  much  less  urgent,  and  in  a  few  only 
slight  symptoms  are  present,  and  the  condition  is  only 
appreciated  after  careful  examination. 

The  gas  may  be  Iree  in  the  pleural  cavity,  associated 
with  very  considerable  collapse  of  the  lung,  aud  a 
variable  but  usually  large  amount  of  haemotliorax  fluid. 
In  other  instances  the  conditions  are  more  peculiar; 
the  collection  of  gas  is  localized  above  the  liaenio- 
Ihorax  fluid,  and  below  the  emphysematous  over-dis- 
tended upper  lobe  of  the  lung.  The  loose  fibrinous 
adhesions  at  the  upper  level  of  the  fluid  iu  the  thorax  are 
probably  suflicient  to  tether  the  upper  lobe  to  the  chest 


wall,  but  whether  this  be  the  correct  explanation  of  the 
non-collapse  of  the  entire  lung  or  no,  the  fact  remains  that 
the  gas  forms  a  localized  collection  above  the  fluid  of  the 
haemothorax  aud  below  the  non-collap.sed  portion  of  the 
lung.  Such  localized  collections  of  gas  are  usually  in  the 
lateral  or  postero-lateral  regions  of  the  chest,  and  more 
especially  in  its  lower  portions.  The  gas  is  usually 
offensive,  and  has  either  a  definite  faecal  smell  or  else 
that  of  rotten  eggs.  It  is  often  present  under  considerable 
pressure,  and  in  the  j'ost-niorfoii  room,  if  a  cannula  is 
inserted,  the  gas  issuing  from  it  readily  burns,  when  lighted, 
with  a  bluish  flame.  In  cases  of  this  type  there  is  often 
considerable  displacement  of  the  heart,  and  this  displace- 
ment may  develop  with  great  rapidity — that  is,  2  in.  in 
twenty-four  hours.  In  cases  where  the  gas  is  free  in  the 
pleural  cavity,  the  clinical  picture  is  that  of  pneumothorax 
or  pyopneumothorax ;  aud  where  the  condition  develops 
rapidly  the  symptoms  are  apt  to  be  urgent  aud  the  error 
may  be  made  of  regarding  the  case  as  one  of  progressive 
pneumothorax,  whereas  in  reality  the  phenomeua  are  due 
to  the  rapid  formation  of  gas  under  pressure  as  the  result 
of  infection  of  the  haemothorax  fluid. 

In  infected  haemothorax  the  deposit  on  the  surface  of 
the  collapsed  lung  is  much  more  abundant  and  thickei- 
than  in  sterile  cases,  as  a  thick  layer  of  lymph  more  or 
less  organized  is  often  present.  Tliis  is  of  considerable 
importance,  inasmuch  as  this  deposit  hampers  the  subse- 
quent re-expansion  of  the  lung  after  the  removal  of  the 
fluid  by  drainage  of  the  pleura.  The  longer  the  delay  in 
draining  the  pleura  in  such  cases  the  greater  is  the 
organization  of  this  deposit,  and  therefore  there  is  much 
risk  of  permanent  incomplete  expansion  of  the  lung.  The 
deposit  on  the  pleura  not  only  causes  the  re-expansion  of 
the  lung  to  take  place  more  slowly  but  also  less  perfectly,, 
hence  it  is  most  importaut  that  cases  of  infected  haemo- 
thorax should  be  treated  and  thoroughly  drained  at  the 
earliest  possible  moment.  Bilateral  haemothorax  is  not 
very  uncommon,  and  such  collections  are  usually  of  small 
or  moderate  size ;  they  may  be  either  sterile  or  infected, 
and  cases  have  occurred  of  bilateral  infected  haemothorax 
that  have  recovered  after  drainage  of  both  pleural  cavities. 
In  bilateral  haemothorax  one  side  may  be  sterile  and' 
the  other  infected,  and  recovery  has  here  taken  place- 
after  aspiration  of  the  sterile  and  drainage  of  the  in- 
fected haemothorax.  Bilateral  haemothorax  may  be 
associated  with  haeniopericardium,  or  in  infected  cases- 
pericarditis  may  occur  as  a  complication.  The  peri- 
carditis seen  in  cases  of  infected  haemothorax  is- 
probably  usually  of  streptococcal  origin,  but  iu  some- 
instances  an  anaerobic  infection  of  the  pericai-dium  may 
occur  and  then  very  striking  physical  signs  may  he- 
present  owing  to  the  presence  of  gas  and  fluid  in 
the  pericardial  sac.  Two  such  cases  have  fallen 
under  the  observation  of  the  writer  and  both  recovered, 
after  opening  and  draining  the  pericardium.  In  one  the 
couditiou  was  recognized  as  the  result  of  the  percussion 
of  the  pericardial  area  yielding  a  tympanitic  note  when 
previously  a  dull  note  due  to  the  presence  of  effusion  iu 
the  pericardium  had  been  present.  Pericarditis  probably 
only  occurs  in  infected  cases,  although  pericardial  friction 
and  the  signs  of  fluid  in  the  pericardium  may  be  detected^ 
in  cases  of  sterile  haemothorax,  where,  in  addition  to  the- 
pleural  lesion,  there  is  also  the  probability  of  injury  to  the 
pericardium  and  where  .r-ray  examination  may  reveal  the 
presence  of  a  bullet  iu  close  proximity  to  the  heart.  The- 
accurate  diagnosis  of  such  cases  is  often  difficult,  but  it  is- 
probable,  inasmuch  as  they  often  have  no  symptoms  iii- 
diqative  of  pericarditis,  and  they  recover,  that  the  peri- 
cardial physical  signs  are  due  to  the  presence  of  a  hae mo- 
pericardium  rather  than  to  a  pericarditis  with  eff'usion.. 
In  the  infected  cases  the  presence  of  pericarditis  is  a  very 
serious  complication  ;  in  some  there  is  merely  greasy  lym))h,. 
iu  others  a  moderate  effusion,  or  where  an  anaerobic  in- 
fection is  present  the  pericardium  may  contain  gas  as  well 
as  an  effusion.  If  the  effusion  is  at  all  large  in  amount  it- 
is  usually  situated  iu  the  posterior  part  of  the  pericardium, 
and  is  therefore  liable  to  produce  some  degree  of  pressure- 
on  and  collapse  of  the  lower  lobe  of  the  left  lung.  In  very 
large  effusions  the  transverse  diameter  of  the  pericardium 
is  greatly  increased.  When  the  effusion  is  posterior  in. 
position,  the  heart  may  still  remain  in  partial  contact  with, 
the  chest  wall  anteriorly,  and  thus,  owing  to  the  per- 
sistence of  friction  the  presence  of  even  a  large  effusioo 
may  be  overlooked. 
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Complications. 

The  ooiuplications  directly  associated  with  haemothorax 
are  few  and  are  most  froqueutly  .seen  in  caHCS  of  infected 
haemothorax.  Purulent  broncliiti.s,  pneumonia,  pleurisy, 
massive  collapse  of  the  lung,  and  pericarditis  are  the  most 
common  complications.  Abscess  and  gangrene  of  the  lung 
may  occur,  but  these  are  dependent  not  on  the  haemo- 
thora.x  but  on  pulmonary  lesions  produced  by  the  missile. 
One  case  of  meningitis  due  to  streptococcal  infection  in 
association  with  an  infected  haemothorax  has  fallen  under 
my  observation,  but  no  case  of  cerebral  abscess. 

The  relation  of  purulent  bronchitis  to  haemothorax  is 
often  very  doubtful,  as  it  occurs  so  frequently  apart  from 
wounds,  but  many  patients  give  a  history  that  is  suggestive 
of  the  onset  of  the  bronchitis  after  the  wouud,  although 
even  in  these  it  may  be  dependent  on  exposure.  One  of 
the  most  striking  features  of  its  distribution  is  its  absence 
in  that  portion  of  the  lung  that  is  collapsed  beneath  the 
haemothorax  effusion.  Pneumonia,  in  various  forms,  may 
be  present,  but  is  not  common,  and  here  again  the  collapsed 
lung  on  the  side  of  the  haemothorax  is  not  involved.  It 
may  occur  on  the  side  opposite  to  the  haemothorax,  but 
care  must  be  taken  in  the  diagnosis,  as  the  physical  signs 
of  massive  collapse  present  great  resemblance  to  those  of 
pneumonia,  and,  as  will  be  mentioned  later,  contralateral 
collapse  in  cases  of  unilateral  chest  wounds  is  of  quite 
frequent  occurrence.  There  is,  however,  clear  evidence 
from  autopsy  that  pneumonia  on  the  side  opposite  to  tlie 
wound  may  occur  in  haemothorax.  Septic  broncho- 
pneumonia is  common  in  wounds  of  the  chest  wall  not 
accompanied  by  haemothorax,  where,  as  a  result  of  the 
impact  of  the  missile,  the  luug  is  bruised  and  haemorrhage 
into  its  substance  has  occurred.  Pleurisy,  often  dry,  is 
also  not  uncommon  on  the  side  opposite  to  the  haemo- 
thorax ;  this  occurs  most  often  in  infected  haemothorax, 
but  some  instances  have  been  seen  where  there  was  no 
bacteriological  proof  that  the  haemothorax  was  infected. 
Pleurisy  of  a  serious  type,  and  often  progressing  to 
empyema,  occurs  as  a  result  of  injuries  to  the  chest 
■wall  of  a  tangential  character  and  associated  often  with 
fracture  of  one  or  more  ribs.  Septic  bronchopneumonia 
may  coexist  in  such  cases.  The  contralateral  pleurisy  is 
especially  prevalent  in  cases  of  streptococcal  infection 
of  haemothorax,  and  may  also  progress  to  effusion  and  the 
formation  of  an  empyema.  Such  cases  are  necessarily 
very  serious,  and  if,  as  is  not  infrequent,  pericarditis 
is  aJso  present  they  are  of  the  utmost  gravity. 

Source  of  the  Haemorrhage  in  Haemothorax. 
There  is  some  difference  of  opinion  as  to  whether  the 
injury  to  the  chest  wall,  or  that  of  the  lung,  is  the  more 
commoa  cause  of  the  haemorrhage  into  the  pleural  cavity, 
and  it  is  not  possible  to  dogmatize  on  this  subject.  Morbict 
anatomy  does  not  yield  any  direct  evidence  of  the  bleeding 
having  arisen  from  the  chest  wall,  but  it  is  obvious  that  it 
would  be  very  difficult  to  exclude  the  possibility  of  the 
wound  of  an  intercostal  vessel.  On  the  other  hand,  it  is 
not  unusual  to  find  direct  evidence  of  blood  coagulation  in 
the  track  produced  by  the  missile  in  its  passage  through 
the  lung,  and  the  wall  of  the  track  is  also  infiltrated,  to  a 
varying  depth,  by  extravasated  blood.  Henry  and  Elliott 
record  in  their  series  four  cases  of  perforating  wounds  of 
the  lower  chest  wall  involving  the  pleural  cavity  below 
the  area  occupied  by  the  lung  and  not  wounding  the  lung, 
and  wliere  no  haemothorax  existed.  Many  instances  of 
extensive  injury  to  the  chest  wall  opening  the  pleura  have 
been  seen  where  the  lung  itself  was  not  involved,  and 
where  no  haemothorax  was  present.  The  great  rarity  of 
secondary  haemorrhage  in  cases  of  haemothorax  is  also  in 
favour  of  the  pulmonary  origin  of  the  bleeding,  since  the 
collapse  of  the  lung  associated  with  the  haemothorax 
tends  not  only  to  check  haemorrhage  directly  but  also 
to  prevent  secondary  haemorrhage  owing  to  the  rarity 
of  septic  inflammations  in  collapsed  lung.  It  is  probable, 
therefore,  that  in  the  great  majority  of  cases  of 
haemothorax  the  source  of  the  bleeding  is  the  injury  to 
the  lung,  although  cases  may  bo  seen  occasionally  where 
the  haemorrhage  is  derived  from  a  vessel  in  the  chest 
wall,  such  as  an  intercostal  ,or  Jho  internal  mammary 
artery,  or  one  of  the  big  vessels  at  the  root  of  the  neck. 
Injuries  of  the  great  vessels  of  the  neck  sometimes  coexist 
with  haemothorax;  aneurysm  of  the  innominate  artery  has 
been  seen  in  association  with  i)neumo-hacniothorax,  but  in 
such  casts  it  is  probable  that  the  haemothorax  is  really 


independent  of  the  arterial  lesion  and  due  to  other  pul- 
monary lesions,  and  the  haemothorax  or  pneunio-haemo- 
thorax  may  he  on  the  opposite  side  to  that  uf  the  arterial 
lesion. 

In  rare  instances  the  haemothorax  fluid  contains,  in 
addition  to  blood,  bile.  The  bile  is  derived  from  the 
wouud  track  involving  the  liver,  and  in  such  cases  tlio 
bile  may  rcaccuniiilate  in  the  pleural  cavity  after  para- 
centesis has  been  performed  and  the  haemotliorax  fluid 
drawn  off.  Itcpealed  ])araccntesis  may  be  required  to 
draw  off  the  reaccumuiations  of  bilious  fluid,  and  it  is 
remarkable  that  jaundice  does  not  necessarily  develop  iu 
such  cases,  although  the  amount  of  bile  present  iu  the 
pleural  cavity  niay  bo  very  large.  This  is  further  evidence 
that  the  pleural  cavity  in  cases  of  haemothorax  does  not 
readily  absorb  fluid,  and  the  lack  of  absorptive  power  ia 
probably  in  part  dependent  upon  the  fibrinous  coating  on 
its  surface,  and  in  part,  perhaps,  on  the  lack  of  eflicient 
respiratory  movement  on  the  injured  side.  In  one  case 
there  was  evidence  of  tlie  presence  of  stomach  contents  in 
the  haemothorax  fluid. 

SlliXS    AMI    SV-Ml'TOMS    Ol-    HaEMOTHORAX. 

Dyspnoea,  altliough  often  at  first  urgent,  diminishes 
rapidly,  and  even  when  the  quantity  of  fluid  in  the  chest 
is  large — that  is,  over  three  pints — it  is  not  usually  a  marked 
feature  after  the  first  three  days.  It  is.  however,  greatly 
increased  by  exertion  and  movement,  and  hence  many 
patients  on  arrival  at  a  base  hospital  after  a  long  journey 
often  have  considerable  dyspnoea  and  distress  for  twenty- 
four  hours.  Moderate  pyre.via  is  usually  present,  and  it 
ma}'  rise  to  103-  F. ;  but  the  pulse  is  not  much  accelerated, 
and  is  usually  under  100,  and  the  patient  does  not  have 
much  distress  unless  cough  is  severe,  frequent,  and  painful. 
The  continued  presence  of  high  fever,  pain,  distress,  rapid 
Ijulse,  and  furred  tongue  should  always  suggest  the  possi- 
bility of  the  haemothorax  being  infected,  and  a  sample  of 
the  fluid  should  be  removed  with  an  exjoloriug  syringe 
without  delay  in  order  to  determine  this  point  by  bacterio- 
logical methods,  .laundice  is  an  important  sign,  as,  if 
marked,  it  is  a  eliaracteristic  sign  of  infection,  and  more 
especially  infection  with  anaerobic  bacilli.  In  simple 
sterile  haemothorax  only  a  slight  icteric  tinge  is  present 
in  the  conjimctiva,  but  in  anaerobic  infections  a  deep 
yellow  laundice  involving  the  skin  generally  develops, 
often  with  great  rapidity.  Such  a  jaundice  is  often  mis- 
interpreted as  indicating  a  wound  of  the  liver,  especially 
when  the  wound  is  in  the  lower  chest,  but  jaundice  is 
quite  exceptional  in  liver  wounds,  whereas  it  is  a  very 
characteristic  sign  of  infectcfl  wounds,  and  especially  of 
anaerobic  infections.  It  may  also,  of  course,  be  seen  in  the 
course  of  streptococcal  infections. 

The  physical  signs  produced  by  haemothorax  present 
considerable  variety  and  often  are  very  difficult  to  interpret. 
They  are  uuicli  more  complex  than  those  usually  regarded 
as  characteristic  of  simple  pleural  effusion. 

One  outstanding  sign,  easily  demonstrated  bj'  percussion 
and  confirmed  bj-.r-ray  examination,  is  that  the  diaphragm 
on  the  affected  side  is  much  higher  than  normal.  The 
high  level  of  the  diaphragm  is  most  easily  demonstrated 
in  left-sided  haemothorax,  since  then  the  tj-mpanitic  per- 
cussion note  due  to  the  stomach  resonance  is  readily 
obtained  high  up  in  the  axilla,  and  also  iuthe  anterolateral 
region  of  the  chest.  In  some  instances  this  tympanitic 
stomach  resonance  may  reach  so  high  a  level  as  to  merge 
into  the  area  of  skodaic  resonance  in  the  infraclavicular 
region  above  the  level  of  the  fluid,  and  unless  care  is  taken 
a  mistaken  diagnosis  of  pneumothorax  may  readily  be 
made.  A'-ray  examination  often  reveals  that  the  diaphragm 
is  not  only  higli  but  also  inunobile.  The  skodaic  resonance 
obtained  in  the  upper  chest  above  the  level  of  the  fluid  is 
usually  nmch  more  marked  and  much  more  extensive  in 
its  distribution  than  that  present  in  ordinary  pleural 
efl:usiou.  and  not  iutreijuently  extends  beyond  the  middle 
line,  and  this  fact  again  is  liable  to  lead  to  confusion  of  tho 
condition  with  jjueumothorax.  The  distribution  of  the 
skodaic  resonance  is  confirmed  by  the  cbservatious  on  the 
morbid  anatomy,  as  these  show  that  the  upper  portions  of 
the  lung,  especially  anteriorly,  are  greatly  over-distended 
and  emphysematous,  and  that  quite  frequently  the  upper 
lobe  is  so  over-distended  as  to  extend  well  beyond  tho 
mid-sternal  line. 

The  high  level  of  the  diaphragm,  notwithstanding  the 
presence  of  a  largo  amount  of  fluid  in  the  chest,  and  tho 
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very  exteusive  and  marked  skodaic  phenomena  are  two 
striking  features  of  baeuiothorax  and  are  in  contrast  to 
^¥bat  obtains  in  simple  pleural  effusion.  Over  tbe  area 
occupied  by  tbe  fluid,  blowing  tubular,  or  even  cavernous, 
breath  sounds  are  frequently  heard  on  auscultation.  They 
are  not  ouly  more  marked  than  those  occasionally  heard 
over  pleural  effusions,  but  they  are  also  heard  over  a  much 
larger  area,  instead  of  being  limited,  as  in  pleural  effusion, 
to  a  small  area  in  the  vicinity  of  the  angle  of  the  scapula. 
Bronchophony  and  oegophony  are  also  well  marked  and 
very  definite ;  pectoriloquy  is  by  no  means  rare.  The 
physical  signs  thus  often  present  a  more  or  less  clear 
resemblance  to  those  usually  regarded  as  characteristic  of 
pneumonic  consolidation,  and  it  is  not  surprising  that 
in  a  considerable  number  of  cases  where  haemothorax  is 
present,  the  erroneous  diagnosis  of  so-called  traumatic 
pneumonia  is  made.  The  signs  described  above  are  not 
present  in  all  cases;  in  some  the  signs  are  similar  to  those 
found  in  cases  of  pleural  eft'usion — that  is,  dullness,  weak- 
ness, or  absence  of  vocal  fremitus,  and  weak  or  absence  of 
breath  sounds.  Further,  a  case  may  present  at  an  early 
period  of  its  course  the  first  set  of  signs  with  well-marked 
tubular  breathing,  and  later  on,  with  an  increase  in  the 
amount  of  fluid,  the  second  set  with  weals  or  absent  breath 
sounds.  This  is  more  especially  observed  in  infected  cases 
where  a  rapid  and  considerable  increase  of  the  effusion 
may  occur.  In  others  where,  as  a  result  of  the  presence 
of  anaerobes,  gas  is  formed,  a  cracked-pot  percussion  note 
may  be  elicited  often  over  a  localized  area  where  pre- 
viously the  percussion  note  had  been  dull.  In  these  cases 
a  bell  sound  mayor  may  not  be  obtained,  but  the  percussion 
note  is  quite  characteristic. 

Collapse  of  the  Lung. 
In  ordinary  pleural  effusion  the  chest  on  the  affected 
side  is  usually  obviously  enlarged,  and  the  respiratory 
movements  are  diminished  in  amplitude;  this  is  also  true 
of  some  cases  of  haemothorax,  more  especially  when  the 
amount  of  fluid  present  is  very  large — that  is,  four  to  five 
pints.  In  a  considerable  number  of  cases,  however,  a  very 
different  condition  is  present,  inasmuch  as  the  chest  is 
flattened  and  retracted  on  the  side  of  the  effusion,  and  the 
movements  are  so  much  diminished  that  the  affected  side 
is  practically  immobile.  This  retraction  and  immobility 
of  the  side  may  be  present  not  only  when  the  amount  of 
fluid  is  small,  but  also  in  many  cases  where  there 
is  a  moderate  collection  of  fluid,  approximately  two 
pints  in  amount,  but  it  does  not  occur  in  association 
with  tbe  largest  collections.  It  is  remarkable  that 
in  cases  where  retraction  and  flattening  are  quite 
marked,  the  apex  beat  may  be  displaced,  as  in 
ordinary  pleural  effusion,  towards  the  opposite  and  un- 
affected side.  This  retraction  of  the  injured  side  is  a 
remarkable  and  common  phenomenon  in  cases  of  haemo- 
thorax, and  it  seems  to  be  a  fact  of  the  same  order  as  the 
high  level  of  the  diaphragm  already  noted.  Sometimes  it 
is  only  seen  in  the  first  few  days  after  the  wound,  and  then, 
with  an  increase  in  the  amount  of  the  effusion  in  infected 
cases,  it  is  replaced  by  bulging  of  the  usual  type.  Well 
marked  tubular  or  even  cavernous  breathing  is  lieard  on 
auscultation  in  those  cases  where  marked  retraction  )s 
present,  together  with  bronchophony  and  pectoriloquy. 
The  retraction  of  the  injured  side,  the  immobility  of  the 
chest  and  the  high  level  of  the  diaphragm,  would  all  seem 
to  be  due  to  extensive  collapse  of  the  lung  or  of  the  lower 
lobe  of  the  lung,  a  collai^se  that  is  out  of  proportion  to  the 
amount  of  fluid  present  in  the  pleura,  and  is  really  very 
probably  a  collapse  that  is  more  or  less  independent  of  the 
presence  of  the  fluid,  and  has  some  other  mode  of  origin. 
It  may  well  be  that  this  collapse  is  a  constant  pheno- 
menon in  cases  of  gunshot  injury  of  the  chest,  but 
that  when  a  large  haemothorax  coexists  its  presence 
is  naturally  attributed  to  the  mere  effusion  and  its 
real  nature  is  only  obvious  where  it  is  clearly  out  of 
proportion  to  the  effusion.  Thus  cases  of  massive  collapse 
of  the  lung  on  the  side  of  the  injury  have  been  observed 
by  Bradford  and  Elliott  where  the  amount  of  the  effusion 
was  so  small  as  not  to  need  aspiration,  and  where  the 
signs  cleared  up  and  the  lung  re-expanded  after  a  short 
interval.  There  are,  however,  other  facts  that  may  be 
adduced  in  support  of  the  view  that  the  collapse  is  more 
or  less  independent  of  the  effusion.  Thus  it  may  occur 
on  the  opposite  side  of  the  chest  to  that  injured,  and  not 
only  is  this  the  case,  but  it  is  probably  of  quite  frequent 


occurrence,  only  the  physical  signs  produced  are  erroneously 
attributed  to  the  presence  of  contralateral  pneumonia  when 
contralateral  collapse  is  really  the  condition  present.  The 
main  distinguishing  feature  between  the  physical  signs 
of  pneumonia  and  those  of  massive  collapse  is  the  position 
of  the  heart's  apex  beat ;  in  pneumonia  there  is  no  appre- 
ciable displacement,  whereas  in  massive  collapse  the  apex 
beat  is  displaced  towards  the  collapsed  lung.  In  an  ordinary 
haemothorax  affecting  one  side  it  may  be  impossible  to 
determine  clinically  whether  physical  signs  on  the  opposite 
side  are  due  to  pneumonia  or  collapse,  since  if  the  apex 
beat  is  found  displaced,  the  displacement  will  necessarily 
be  attributed  to  the  presence  of  the  fluid  on  the  injured 
side.  In  such  cases  the  diagnosis  of  contralateral  collapse 
is  largely  an  inference  based  on  the  absence  of  the  clinical 
picture  of  pneumonia  and  on  the  rapidity  with  which  the 
signs  clear  uj),  but  in  any  given  case  there  may  be  much 
doubt  unless  the  diagnosis  is  confirmed  by  autopsy. 

Co!itraIateral  collapse,  however,  has  been  observed  in 
cases  of  wounds  implicating  the  chest  wall  only,  where 
physical  examinations  confirmed  by  ;r-ray  observations 
showed  that  there  was  no  lesion  of  the  pleural  cavity  on 
the  wounded  side,  the  injury  being  a  contour  wound. 
Nevertheless,  in  such  cases  very  extensive  massive  collapse 
has  been  present  on  the  side  opposite  to  that  wounded  and 
where  there  has  been  no  retained  missile  or  other  foreign 
body.  In  some  instances  the  massive  collapse  has  involved 
the  whole  of  the  left  lung  and  the  displacement  of  the 
apex  beat  into  the  left  axilla  has  been  very  marked.  Such 
patients  do  not  present  the  clinical  picture  of  pneumonia, 
although  tlie  physical  signs  in  the  affected  lung  are  very 
similar,  and  the  patients'  general  condition  of  comparative 
well-being,  together  with  the  absence  of  high  fever,  rusty 
sputum,  etc.,  shows  at  once  that  they  are  not  suffering 
from  pneumonia.  Further,  contralateral  collapse  has 
been  observed  both  during  operation  on  the  chest  and  also 
on  autopsy.  In  one  instance  an  exploratory  operation  was 
performed  on  a  case  of  contralateral  collapse  under  the 
impression  tliat  the  physical  signs  indicated  the  presence 
of  an  intrapulmouary  abscess. 

Although  the  mechanism  producing  collapse  of  the  lung 
on  the  side  of  the  injury  and  on  the  opposite  side  is 
obscure  and  cannot  be  discussed  here  fully,  the  presence 
of  this  collapse  is  probably  the  explanation  of  the  curious 
and  characteristic  physical  signs  so  often  present  in 
haemothora.x,  such  as  the  high  level  of  the  diaphragm  and 
the  frequent  presence  of  tubular  breathing,  bronchophony, 
and  pectoriloquy  over  the  area  of  the  pleura  where  fluid  is 
present.  This  collapse  of  the  lung  must  be  regarded, 
therefore,  as  one  of  the  leading,  if  not  the  leading, 
phenomenon  of  gunshot  injuries  of  the  chest.  There  is 
some  evidence  to  suggest  that  it  occurs  early,  soon  after 
the  infliction  of  the  wound,  as  when  cases  are  seen  within 
a  few  hours  of  being  wounded  few  physical  signs  beyond 
immobility  and  deficient  air  entry  on  the  side  of  the  injury 
can  be  detected.  Such  cases  seen  again  twenty-four  hours 
later  may  then  show  the  ordinary  signs  of  a  haemothorax, 
but  in  their  earlier  phase  the  signs  are  often  quite  in- 
significant in  comparison  with  the  urgency  of  symptoms, 
such  as  distress  and  dyspnoea. 

Displacement  of  the  heart's  apex  beat  is  a  valuable  sign 
in  haemothorax ;  sometimes  it  is  of  a  simple  character 
and  similar  to  that  seen  in  pleural  effusion — that  is,  dis- 
placed to  a  varying  degree  away  from  the  side  of  the 
haemothorax.  In  others  the  displacement  is  mainly 
dependent  upon  the  presence  of  contralateral  collapse, 
and,  as  mentioned  above,  in  some  of  these  cases,  there 
is  no  pleural  lesion — that  is,  no  fluid,  air,  or  gas  in  the 
pleura  on  the  side  of  the  injury — such  cases  may  be  mis- 
interpreted unless  care  be  taken  in  the  examination.  The 
displacement  present  in  any  given  case  may  undergo  an 
increase  or  a  diminution.  An  increase  in  displacement  is 
usually  due  to  the  haemothorax  being  really  infected,  and 
an  increase  in  the  exudation  or  gas  formation  has  taken 
place  in  the  interval  between  the  two  clinical  observations. 
A  decrease  in  the  degree  of  cardiac  displacement  in 
recent  cases  of  haetpothorax  and  occurring  during  the 
first  week  after  the  date  of  wounding  is  also  not  infrequent, 
and  is  often  more  difficult  of  explanation.  It  is  commonly 
attributed  to  absorption  of  some  of  the  bloody  exudate ; 
this,  however,  is  highly  improbable,  since  absorption  from 
the  pleura  in  these  cases  is  extraordinarily  slow  and 
certainly  does  not  occur  to  any  appreciable  extent  in  the 
early  days  after  the  wound.     The  return  of  the  heart  may 
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be  duo  to  an  nltcnitioii  in  tlio  ilisti'ibiition  of  tho  liaeiuo- 
tliorax  fiuiil  dcpondeut  on  inc^rcasing  collapse  of  tlio  lung 
on  tliG  side  of  tlio  lesion,  oi-  else  it  may  be  due  to  disap- 
pearance of  contralateral  collapse.  The  degree  of  dis- 
placement  of  the  heart  in  any  given  case  is  therefore  a  very 
uncertain  guide  of  the  size  of  a  haemothorax. 

Diagnosis. 
Tho  main  problem  in  diagnosis  is  tho  determination 
whether  a  haemothorax  is  infected  or  not,  and  this  often 
presents  ditliculties,  since  a  haemothorax  that  at  first  runs 
an  apparently  sterile  course  may  be  infected  later,  owing 
to  the  spread  of  infection  either  from  the  wound  track  or 
from  some  localized  infection  round  a  retained  foreign 
body.  In  some  of  these  cases  of  delayed  infection,  and 
more  especially  in  those  with  anaiJrobic  infection,  tho 
symptoms  may  develop  with  much  rapidity,  and  be  of 
such  a  character  as  to  suggest  the  occurrence  of  secondary 
haemorrhage,  where  no  haemorrhage  has  taken  place. 
Rapid  pulse,  pallor,  sweating,  and  collapse  are  not  un- 
common symptoms  of  a  rapidly  spreading  anaerobic  infec- 
tion. Microscopic  and  bacteriological  examination  of  the 
fluid  withdrawn  from  the  chest  will  generally  determine 
absolutely  the  presence  or  absence  of  infection,  provided 
care  be  taken  to  repeat  the  exploration  and  too  much 
stress  is  not  laid  on  the  negative  result  obtained  at  the 
first  puncture.  It  is  often  necessary  to  explore  the 
chest  at  different  levels.  Cases  are  seen  occasionally 
where  the  symptoms,  and  especially  the  character  and 
duration  of  the  pyrexia,  suggest  that  infection  is  present, 
yet  no  bacteriological  confirmation  is  obtained  even  with 
repeated  paracentesis.  Such  cases  may  get  well  with  no 
special  treatment  after  running  a  prolonged  course  of 
several  weeks'  duration.  Their  explanation  is  difficult, 
but  it  may  be  that  tlie  pyrexia  in  such  cases  is  dependent 
upon  the  inflammatory  process  in  the  wound  track,  and 
more  especially  in  that  in  the  lung,  and  that  the  layer  of 
fibrin  coating  the  pleural  surfaces  prevents  the  infection 
reaching  the  pleural  fluid.  Care  must  always  be  taken  in 
considering  the  diagnostic  significance  of  pyrexia  that  it  is 
not  due  to  some  associated  complication,  such  as  purulent 
bronchitis,  contralateral  pleurisy,  pneumonia,  or  peri- 
carditis, although  all  such  complications  are  much  more 
liable  to  occur  in  infected  than  in  sterile  haemothorax. 
The  rarity  of  pulmonary  inflammation  in  tho  compressed 
lung  on  the  side  of  the  haemothorax  should  always 
suggest,  if  symptoms  are  urgent,  that  infection  of  the  fluid 
is  present  rather  than  pneumonia,  although  the  physical 
signs  may  be  such  as  to  render  diagnosis  difficult.  In  all 
such  cases  there  should  be  no  delay  in  making  an  ex- 
ploratory puncture,  as  it  is  essential  for  the  successful 
treatment  of  infected  liaemothorax  that  the  cases  should 
be  recognized  as  early  as  possible. 

Treatment. 
In  sterile  haemothorax,  if  the  amount  of  the  bloody 
effusion  is  small,  there  is  no  need  for  any  special  active 
treatment;  such  cases  do  well,  although  their  progress 
may  sometimes  be  slow.  If  the  effusion  is  at  all  large  in 
amount — that  is,  the  dullness  reaching  above  the  angle  of 
the  scapula — the  fluid  should  be  removed  by  aspiration 
about  the  end  of  the  first  week  after  the  wound.  In  a  few 
cases  earlier  aspiration  may  be  required  to  relieve  distress 
arising  mechanically  from  the  amount  of  fluid  pi-esent. 
Aspiration  with  oxygen  replacement  is  better  than  simple 
aspiration,  since  by  this  method,  with  suitable  local  anaes- 
thetics, the  operation  can  be  carried  out  without  discomfort 
to  the  patient  and  without  any  of  the  symptoms  that  so 
commonly  occur  in  ordinary  aspiration,  and  not  infrequently 
prevent  by  their  urgency  the  completion  of  the  procedure. 
Further,  with  oxygen  replacement  practically  all  the  fluid 
present  in  the  chest  can  be  removed  at  one  sitting  ;  this  is 
rarely  feasible  with  ordinary  aspiration,  where  the  develop- 
ment of  such  symptoms  as  a  sense  of  constriction,  distress, 
cough,  etc.,  occurs  before  all  the  fluid  has  been  removed. 
These  unpleasant  symptoms  develop  as  a  consequence  of  a 
too  sudden  change  in  the  intrapleural  pressure  resulting 
from  the  rapid  removal  of  fluid,  together  with  incomplete 
adjustment  owing  to  mcompiete  e.xpansion  of  the  lung. 
Different  patients  vary  considerably  in  the  degree  of  their 
tolerance  of  pleural  pressure  changes,  and  these  are  neces- 
sarily much  influenced  by  the  degree  and  rapidity  with 
which  the  lung  re-expands.  With  an  oxygen  replacement 
apparatus  a  measured  quantity  of  oxygen  at  any  desired 


pressure  can  be  introduced,  and  thus  violent  and  sudden 
changes  in  the  intrapleural  pressure  are  avoided. 

I'or  practical  piirjioscs  it  is  not  necessary  to  measure 
accurately  the  intriipleural  pressure;  it  is  sulliciont  to 
regulate  the  introduction  of  oxygen  by  the  presence  or 
absence  of  symptonjs.  The  aspiration  of  the  fluid  should 
bo  temporarily  stopped  wlion  distress  or  a  sense  of  con- 
striction is  first  noti(;(;d  by  the  patient;  if  the  symptoms  do 
not  subside  at  onco,  a  small  quantity  of  oxygen  fi'om  the 
oxygen  replacement  apparatus  (I'arry  Morgan  or  other) 
should  he  allowed  to  flow  into  tho  pleural  cavity.  Tlion 
with  the  relief  of  all  distress,  a  further  quantity  of  tho 
fluid  can  bo  aspirated  and  the  process  continued  until  the 
operation  is  completed.  The  patient  is  left  at  the  end 
of  the  aspiration  with  a  snuill  qu.-mtity  of  oxygon  in  the 
pleura — for  example,  200  to  500  c.cm.  at  a  pressure  con- 
siderably less  than  the  pressure  of  the  haeuiothorax,  but 
still  appreciably  above  the  normal  pleural  pressure.  The 
oxygen  is  gradually  absorbed  in  the  course  of  the  following 
week,  but  it  is  remarkable  that  many  days  are  required 
for  the  pleura  to  absorb  even  small  quantities  of  gas,  and 
this  slow  absorption  is  probably  due  to  the  coating  of  the 
parietal  and  visceral  pleura  with  fibrin,  as  it  is  in  remark- 
able contrast  to  the  rapid  absorption  of  air  that  is  known 
to  occur  after  opening  the  normal  pleura. 

Free  drainage  is  required  in  all  cases  of  infected  haemo- 
thorax, and  it  is  of  the  utmost  importance  that  this  should 
be  provided  as  early  as  possible,  as  the  organization  of  the 
deposit  of  lymph  on  the  visceral  pleura  produces  a  great 
impediment  to  the  rapid  expansion  of  the  lung  after  the 
i-emoval  of  the  fluid,  and  this  organization  proceeds  rapidly 
in  cases  where  delay  in  operating  takes  place.  Removal 
of  the  infected  fluid  by  free  drainage  is,  however,  not 
sufficient  treatment  in  all  cases  ;  the  inflammation  in  the 
pleural  sac  and  the  septic  clots  must  be  treated  by  the 
local  application  of  some  efficient  antiseptic,  applied  either 
by  jieriodical  washing  out  of  the  cavity  or  else  by  the 
instillation  method  and  the  Carrel-Dakin  technique  that 
is  now  so  much  used.  If  the  cavity  is  treated  by  washing 
out,  care  must  be  taken  to  avoid  raising  the  intrapleural 
pressure.  Septic  clots,  often  of  considerable  size,  can  be 
removed  with  success  by  this  method.  Recently  the 
Carrel-Dakin  technique  has  been  applied  with  success  to 
cases  of  infected  haemothorax,  and  a  few  cases  have 
already  been  so  successfully  treated  that  the  operation 
wound  required  for  the  excision  of  the  rib  has  been  closed 
by  secondary  suture  before  the  evacuation  of  the  patient 
to  England. 

Two  difficulties  are  met  with  in  practice  in  cases 
of  haemothorax.  In  one  group  of  cases,  although  the 
pyrexia  and  the  patient's  general  condition  suggests  the 
presence  of  infection,  bacteriological  examination  does  not 
confirm  this.  In  another  series  of  cases  organisms  are 
detected  in  the  fluid,  but  there  is  little  or  no  pyrexia,  and 
the  patient  does  not  seem  to  be  very  ill.  It  is  probable 
that  some  of  the  cases  falling  into  this  second  group 
recover  after  simple  aspiration,  but  their  convalescence  is 
often  very  slow,  and  certainly  in  some  instances  such 
cases  develop  serious  and  even  urgent  symptoms.  For 
these  reasons  it  is  advisable  to  excise  a  portion  of  rib  and 
procure  free  drainage  in  all  cases  of  haemothorax  where  the 
bacteriological  examination  reveals  the  presence  of  patho- 
genic organisms,  even  if  the  clinical  condition  of  the 
patient  is  not  such  as  to  suggest  infection.  As  regards  the- 
first  group,  the  position  is  more  difficult,  but  it  is  probably- 
wiser  to  delay  opening  the  pleura  until  proof  of  infection 
in  the  fluid  is  obtained,  as  the  pyrexia  and  even  the  other 
symptoms  may  have  some  other  origin ;  it  is  a  serious 
matter  to  open  a  sterile  haemothorax  in  view  of  the  possi- 
bility of  secondary  infection. 

Care  must  be  taken  in  selecting  the  site  for  excision 
of  a  portion  of  rib  to  provide  really  efficient  drainage,  and 
the  fact  that  the  diaphragm  is  abnormally  high  in  these 
cases  nmst  be  borne  in  mind,  as  otherwise  the  opening  will 
be  made  too  low  down. 

In  some  instances  the  wound  of  entry  or  exit  com- 
municates more  or  less  directly  with  the  pleural  cavity  and 
■fluid  invariable  quantity  drains  from  it;  this  drainage  is 
rarely  satisfactory  or  sufficient,  and  such  cases  require  a 
counter  opening  in  a  suitable  situation  to  really  drain  the 
eft'usion. 

Ueperencks. 
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It  has  long  been  recognized  that  a  number  of  diseases  are 
pecuhar  to,  if  not  confined  to,  warm  climates.  Many 
hypotheses  in  explanation  of  this  circumstance  have  been 
advanced,  but  it  is  only  of  late  years — only  since  we  have 
been  able  to  recognize  the  germ  causes  of  many  of  these 
•diseases,  or  the  media  by  or  in  which  they  are  conveyed — 
that  it  has  become  possible  to  arrive  at  the  true  ex- 
planation. .\lmost  without  exception,  tropical  diseases — 
that  is  to  say,  those  diseases  which  require  for  their  suc- 
cessful propagation  a  warm  climate — are  caused  either 
by  a  protozoal  organism  or  by  a  helminth,  which,  in 
their  turn,  in  order  to  pass  from  one  vertebrate  host  to 
■another,  demand  either  an  animal  vector  peculiar  to  warm 
climates,  or  require  a  warm  medium  in  which  to  qualify 
for  such  passage.  Hence,  although  tropical  disease  once 
acquired  can  run  its  usual  course  even  if  the  person 
remove  to  a  cold  or  even  frigid  climate,  that  person  cannot 
spread  the  disease  there,  nor,  under  natural  conditions,  can 
the  disease  be  acquired  there.  On  the  other  hand,  bacterial 
diseases  may  be  acquired  and  spread  in  any  climate,  as 
the  germs  in  their  passage  from  one  human  host  to  another 
<lo  not  necessarily  demand  any  special  animal  inter- 
mediary, nor  are  they  destroyed  in  their  pas.sage  by 
■ordinary  temperatures.  In  the  following  summary  re- 
lating to  British  contributions  to  tropical  medicine 
bacterial  diseases  are  therefore  not  considered.  It  is  true 
such  bacterial  diseases  as  leprosy,  cholera,  and  plague  are 
often  referred  to  as  tropical  diseases,  but  a  little  considera- 
tion— a  little  investigation  into  their  history  and  geo 
graphical  range — will  show  that  they  have  no  more  claim  to 
be  considered  tropical  diseases  than  have  tuberculosis  or 
syphilis. 

Mal.irh. 

Altliougli  a  number  of  contributions  of  considerable 
importance  in  trojjical  pathology  had  been  made  by  British 
as  well  as  by  other  investigators  prior  to  1880  there  can  be 
no  question  that  it  was  tlie  discovery  by  Laveran  of  the 
malarial  parasite,  in  the  November  of  that  year,  that  has 
led  to  the  recent  rapid  and  remarkable  development  in 
"tropical  medicine.  It  was  some  time  before  the  value  of 
Laveran's  discovery  was  recognized,  or  the  nature  of  the 
■organism  concerned  and  the  significance  of  its  various 
phases  determined.  Golgi  made  an  important  advance  in 
these  respects  by  working  out  the  morphological  features 
of  the  tertian  and  quartan  parasites,  and  of  what  is  now 
known  as  the  schizogony  or  asexual  phase.  Further 
advances  in  our  knowledge  of  this  part  of  the  life-cycle 
■of  the  malarial  parasites  were  also  made  by  other 
Italian  observers;  but  here,  for  the  time  being,  progress 
■ceased.  It  may  therefore  be  said  that,  except  as  providing 
an  invaluable  guide  in  diagnosis  and  treatment,  Laveran's 
■discovery  for  more  than  a  decade  remained  barren.  It  gave 
no  clue  to  prevention;  it  did  not  tell  us  in  what  way  malarial 
infection  was  acquired,  nor  did  it  explain  its  peculiar 
geographical  and  topical  distribution  and  limitation. 

As  the  development  towards  se.xual  maturity — a  biological 
necessity  for  the  malaria  parasite  as  for  all  animal  para- 
sites— had  never  been  traced  in  the  human  body,  it  follows 
that  to  effect  this  necessary  development  escape  from  the 
human  body  is  essential.  Neither  Laveran  nor  Golgi's 
observations  had  filled  in  this  important  gap  in  the  life- 
history  of  the  parasite. 

Golgi,  it  is  true,  had  made  out  the  significance  of  certain 
phases  of  the  parasite  as  seen  in  the  circulation;  he 
■showed  in  what  way  the  invading  organism  multiplied 
after  it  had  obtained  entrance  into  the  human  body,  but 
neither  he,  nor  any  of  his  coworkers,  had  grasped  the 
significance  of  certain  additional  phases  also  represented 
in  the  blood,  and  more  especially  manifested  on  the  micro- 
scope slip — that  is  to  say,  in  blood  after  its  removal  from 
the  human  body. 

Perhaps  the  most  striking  feature  in  connexion  with  the 
malarial  parasite  as  observed  nnder  the  microscope  is  the 
■so-called  "flagellated  body."     This  squirming,  wriggling, 


many- armed  organism  had  long  been  a  puzzle  to  the 
naturalist  as  well  as  to  the  pathologist.  Some  got  over  the 
difficulties  of  its  explanation  by  pronouncing  it  to  be  a 
moribund  or  effete  form  of  the  parasite  in  its  death  agonj'. 
It  had  been  observed  that  this  flagellated  body  shows 
itself  only  in  blood  that  had  been  for  some  time  on 
the  microscope  slip — that  is  to  say,  after  the  parasite 
liad  been  removed  from  the  human  body.  It  had  never 
been  seen  in  quite  nevvlydrawn  blood.  Its  development 
had  been  witnessed  over  and  over  again  from  certain  intra- 
corpuscular  forms  of  the  parasite,  but  only  after  the  blood 
containing  these  forms  had  been  in  the  field  of  the  micro- 
scope for  a  considerable  period.  This  fact  of  the  flagel- 
lated body  coming  into  existence  as  such  only  when  the 
parasite  from  which  it  was  evolved  had  left  the  Imman 
body  suggested  to  the  writer  that  its  function  lay  outside 
the  human  body,  and,  if  so,  that  ic  was  the  early  extra- 
corporeal phase  of  the  parasite  and,  if  we  may  use  the 
expression,  designed  for  its  passage  from  one  human  host 
to  another.  But,  assuming  that  such  was  the  case,  it 
remained  to  explain  how  an  organism,  which  while  still  in 
the  body  was  invariably  included  in  a  red  blood  cell,  could 
spontaneously  and  by  its  own  efforts  escape  from  the 
human  body.  Such  a  feat  on  the  part  of  a  passive 
organism  was  inexplicable.  I  was  driven  to  the  conclusion 
that  if  this  phase  of  the  malarial  parasite  were  really  the 
first  stage  in  its  development  outside  the  human  body  some 
extraneous  agency  must  act  as  liberator.  The  question 
then  came  to  be  what  this  extraneous  agency  might  be. 

Many  years  before  the  writer  had  shown  that  in  the 
case  of  another  blood  parasite — Filaria  bancrofli  (the 
Filaria  sanguinis  liominis  of  Lewis) — the  mosquito  acted 
as  a  liberating  and  also  as  a  fostering  agent.  Im;  rassed 
by  the  close  parallelism,  as  regards  their  respective 
physical  conditions  and  necessities,  between  the  malaria 
parasite  and  the  filaria — the  one  being  imprisoned  in  a 
blood  corpuscle  and  powerless  to  escape,  the  other,  the 
sheath-included  and  equally  helpless  filaria — as  well  as 
their  resijective  biological  necessities,  he  thought  that  the 
same,  or  a  similar  liberating  agency  might  be  operative  in 
both  instances.  An  additional  circumstance  pointing  to 
such  a  hypothesis  was  that  both  parasites  ai'e  limited  in 
geographical  range  to  warm  climates.  On  these  considera- 
tions it  was  concluded  that  as  the  mosquito  had  been  proved 
to  be  the  liberating  agent  in  the  case  of  the  filaria.  it 
might  be,  and  probably  was,  the  liberating  agent  in  the 
case  of  the  malarial  parasite,  and  therefore  that  the  first 
phase  of  the  malarial  parasite  outside  the  human  body  had 
to  be  pas.sed  in  this  insect.  I  formulated  this  h3-pothesis 
in  the  British  Medical  Journal  of  December  8th,  1894. 
Unfortunately,  circumstances  made  it  impossible  for  me  to 
follow  up  the  fate  of  the  flagellated  body  in  the  mosquito, 
but  Sir  Ronald  Ross,  who  was  then  in  England,  was  so 
impressed  with  the  probability  of  my  hypothesis  being 
correct,  that  on  his  returu  to  India  in  1895  he  set  to  work 
to  endeavour  to  establish  it.  After  many  years  of  intense 
application  and  in  the  face  of  many  difficulties,  he  suc- 
ceeded in  tracing  tlie  malarial  parasite  into  the  stomach  wall 
of  certain  "  dapple-winged  "  (Anopheles)  mosquitos.  In  con- 
sequence of  difficulties  in  procuring  material  and  suitable 
human  subjects  for  observation  and  experiment,  he  trans- 
ferred bis  attention  to  a  malaria-like  parasite  (proteosoma) 
of  birds.  In  these  he  succeeded  in  tracing  the  develop- 
ment of  the  parasite  in  the  stomach  wall  of  Culex 
mosquitos,  and  thence  into  the  salivary  glands  and 
saliva  of  the  insects,  and  by  experiment  showed  that 
such  insects  were  capable  of  conveying  the  infection 
to  hitherto  immune  birds.  Ross's  observations  were 
quickly  confirmed  by  Daniels,  Christophers  and  Stephens, 
Grassi,  and  many  others.  Grassi  recognized  Ross's 
"dapple-winged  "  mosquito  as  belonging  to  the  anophe- 
lines,  and  showed  conclusively  that  certain  members  of 
this  family  of  mosquitos  were  efficient  transmitters 
of    malaria.      Ross    had    not    ascertained    what    e.xactly 
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liappouetl  to  the  umliuial  parasite  iiiiiiieiliately  after 
ingestion  by  the  mosquito,  atid  while  still  in  the  lumen 
of  the  insect's  stomach,  which  enabled  it  to  pass  into 
the  tissues  of  the  stomach  wall.  An  American  observer — 
Macallum — tilled  in  this  <^ap.  He  showed  that  the  llagel- 
lated  body  of  halteridiuui,  anoth(^r  malaria  like  parasite 
of  birds,  was  the  male  parasite,  that  the  tlagella  it  pro- 
duced functioned  as  spermatozoa,  that  when  the)'  broke 
away  in  the  blood  in  the  stomach  of  the  mosquito  they 
entered  a  female  parasite,  inducing  therein  a  development 
that  cvi-ntuated,  while  the  female  was  still  in  the  stomach 
of  the  insect,  in  the  formation  of  that  "  travelling 
vermicule,"  which  penetrated  the  stomach  wall  and  therein 
entered  on  the  development  Koss  had  so  successfully 
traced.  Thus  was  completed  the  history  of  the  life-cycle 
of  the  malarial  parasite  outside  the  human  body,  confirming 
the  mosquito-malaria  hypothesis. 

Although  the  work  of  Laveran  and  Ross  was  accepted 
by  those  best  competent  to  judge,  and  although  the  direc- 
tion in  which  its  jn-incipal  ajiplication  should  be  made  was 
evident  to  all  well  informed  tropical  sanitarians,  tlie  public 
was  by  no  means  convinced  of  its  reliability  or  of  the  im- 
portance of  the  mosquito  as  a  diffusing  agent  of  malaria. 
Experiments  on  human  beings  had  succeeded  in  the  hands 
of  the  Italians  in  demonstrating  that  a  mosquito  fed  upon 
a  malarial  patient  could,  after  an  interval  of  ten  to  twelve 
days,  convey  malaria  to  hitherto  immune  individuals,  but 
the  public  did  not  appreciate  this,  and  moreover,  as  the 
experiments  had  been  conducted  in  malarious  countries 
there  was  ahvaj'sapossibilit)'  thatsome  unsuspected  fallacy 
associated  with  locality  had  crept  in,  seeing  that  other  in- 
fluences which  might  include  the  true  malaria  influence 
were  possibly  oi>erative.  Accordingly,  the  British  Colonial 
Office,  believing  in  and  recognizing  the  importance  of  the 
discoveries  as  bearing  on  the  health  and  prosperitj-  of 
tropical  countries,  devised  an  experiment  designed  to  con- 
vert the  public  to  the  mosquito-malaria  theory  and  to 
facilitate  in  this  way  practical  measures  based  on  that 
theory.  In  1900  it  sent  to  the  Roman  Campagna  an 
«.xpedition  consisting  of  Drs.  Sambon  and  Low,  of  the 
London  School  of  Tropical  Medicine  (who  were  subse- 
quently joined  by  an  artist),  with  instructions  to  live  in  a 
mosquito-protected  hut  located  in  a  highly  malarious  dis- 
trict of  that  highly  malarious  region  during  the  most 
malarious  season  of  the  year,  protected  at  night  onl\',  and 
by  wire  gauze  covering  only,  from  mosquito  attack. 
Although  the  people  about  them  were  heavily  affected 
with  malaria  these  observers,  relying  solely  on  mosquito 
protection,  remained  in  perfect  health.  At  the  same  time 
mosquitos  infected  in  Rome  with  malarial  parasites  were 
■sent  to  London  by  the  same  observers,  and  were  there 
fed  on  two  Englishmen  who  had  never  been  exposed  to 
malarial  influences,  or  been  in  malarious  countries,  with  the 
result  that  both  these  men  contracted  malarial  fever  and 
showed  malarial  parasites  in  abundance  in  their  blood.  This 
crucial  experiment  was  accepted  by  the  most  sceptical  as 
conclusive  proof  of  the  mosquito-malaria  theory. 

It  was  long  before  Laveran's  discovery  was  appreciated 
in  England,  but  it  made  way  by  degrees,  and  its  signifi- 
cance and  importance  became  thoroughly  apprehended  by 
a  few.  It  may  be  said  that  it  led  more  or  less  directly  to 
tli^  establishment,  at  the  instance  of  the  late  Mr.  Joseph 
Chamberlain,  of  our  schools  of  tropical  medicine,  wherein 
large  numbers  of  post-graduate  students  destined  for 
service  in  tropical  countries  were  taught  haematology  and 
the  study  of  the  blood  parasites  generally.  These  students, 
well  taught  in  blood  examination  with  high  powers  of 
the  microscope,  were,  as  a  result  of  this  training,  not  only 
more  efficient  practitioners  but  before  long  were  instru- 
mental in  discovering  other  pathogenic  organisms  of 
importance  in  tropical  pathologj'.  Some  of  these 
■discoveries  may  be  referred  to. 

Tryp.\nosomi.-\sis. 
Forde,  a  former  student  of  the  London  School  of 
Tropical  Medicine,  found  in  the  blood  of  an  Englishman 
living  in  the  Gambia  and  suffering  from  an  irregular 
fever  an  organism  the  nature  of  which  he  failed  to 
recognize.  He  showed  it  to  Dutton,  an  emissary  of  the 
Liverpool  School  of  Tropical  Medicine,  who  recognized 
it  to  be  a  trypanosome,  and  named  it  Trypanoxoma 
gamhiensc.  Sir  David  Bruce,  Nabarro,  and  many  others 
definitely  linked  up  the  trypanosome  of  Forde  and  Dutton 
with  sleeping  sickness  as  cause  and  effect.     The  parasite 


having  been  discovered  and  its  association  with  sleeping 
sickness  confirmed,  it  became  a  matter  of  importance  to 
ascertain  in  what  way  the  infection  was  conveyed.  Just 
as  happened  in  the  case  of  the  malarial  parasite,  some 
antecedent  observations  led  to  the  clearing  up  of  this 
l)oint.  Many  years  before  Forde  and  Duttou's  discovery 
Lewis  described  a  similar  organism  (Tri/panoHoma  lewisi) 
as  a  frequent  parasiti-  in  the  blood  of  the  rat.  Apparently 
this  parasite  of  the  rat  was  non-pathogenic.  Not  long 
afterwards  Evans  found  a  similar  i)arasite  in  the  blood  of 
e(juines,  bovines,  and  other  domestic  animals,  in  associa- 
tion with,  and  as  the  undoubted  cause  of,  the  deadly 
disease  known  in  India,  as  "surra." 

In  1894  Sir  David  Ihuce  investigated  in  Zululand  the 
disease  known  in  South  Africa  as  "fly  disease,"  an  epi- 
zootic extensively  prevalent  among  and  fatal  to  domestic 
animals  in  South  Africa  and  other  parts  of  that  continent, 
and  therefore  of  great  economic  importance.  He  very 
soon  found  a  trypanosome  (T njpanoaoma  brucei)  in  the 
blood  of  the  stricken  animals  and  also  in  the  wild  game  of 
the  infected  districts,  and  confirmed  the  popular  belief 
that  the  disease  was  conveyed  by  the  bite  of  the  tsetse  fly 
— Glossina  moraitans — one  of  several  species  belonging  to 
a  genus  of  biting  flies  peculiar  to  Africa. 

In  the  light  of  this  antecedent  knowledge  it  was  not 
long  before  Bruce  and  his  colleagues  in  Uganda  were  able 
definitely  to  link  up  sleeping  sickness  and  its  parasite  with 
another  species  of  tsetse  fly,  Glossina  palpalis,  very  pre- 
valent in  the  afflicted  sleeping  sickness  areas.  Observa- 
tions on  the  topical  distribution  of  the  fly  and  of  sleeping 
sickness  confirmed  the  conclusions  arrived  at  by  experi- 
ment on  the  lower  animals — some  of  which  were  found  to 
be  susceptible  to  the  infection,  and  to  be  harbourers  of  the 
parasite  even  under  natural  conditions. 

Bruce  at  first  supposed  that  the  fly  transferred  the 
trypanosome  directly  and  in  a  mechanical  way  on  its 
blood-fouled  proboscis  from  the  infected  to  the  uninfected, 
just  as  the  lancet  inoculates  the  vaccine  virus;  but  a 
German  (Kleiue)  showed  that  although  such  might  be  the 
case  in  a  small  proportion  of  instances,  and  for  a  short 
time — twenty-four  hours — after  the  fly  had  bitten,  in  the 
majority  of  cases  the  parasite  was  conveyed  only  after  it 
had  undergone  developmental  changes  in  the  fly — changes 
which  require  some  eighteen  days  to  complete,  and  which 
eventuate  in  a  proportion  of  flies  becoming  permanently 
infective.  Miss  Muriel  Robertson,  who  had  previously 
made  important  contributions  in  the  morphology  and  life- 
history  of  the  trypanosomes  of  some  of  the  lower  animals, 
confirmed  Kleine's  observations,  and  also  considerably 
expanded  them  by  showing  that  it  was  only  during  a  par- 
ticular period  in  the  recurring  cyclical  multiplication  of 
the  trypanosome  in  the  circulation  of  the  vertebrate  host 
that  it  could  be  efficiently  conveyed  to  its  intermediary  the 
tsetse  fly.  Further,  this  talented  protozoologist  traced  the 
development  of  the  parasite  in  this  insect  through  its 
various  phases  in  its  passage  from  the  alimentary  canal  to 
the  salivary  glands  and  thence  to  the  vertebrate.  Con- 
currently with  investigations  into  the  life-history  of  the 
trypanosome  others  were  directed  to  ascertaining  the 
topical  distribution  and  bionomics  of  Glossuia  palpalis, 
notably  by  Hodges  and  Bagshawe. 

For  some  time  it  was  believed  that  man  was  subject  to 
only  one  of  the  considerable  number  of  trypanosomes  now 
known  to  aft'ect  the  vertebrates,  but  recent  discoveries 
have  shown  that  ho  is  subject  to  invasion  by  at  least  two 
other  members  of  the  group  equally,  if  not  more,  dangerous 
— namely,  Trypanosoma  cru;i,  an  American  species  which 
so  far  has  not  been  studied  specially  by  British  observers, 
and  Tryjjaiiosoma  rliodcsicHsc.  The  discovery  of  this 
latter  trypanosome  we  owe  to  Stephens  and  Fautbam.  It 
appears  to  be  confined  to  Rhodesia,  particularly,  but  not 
entirely,  to  the  north  of  the  Zambesi.  Morphologically  it 
resembles  Trypaiioscina  brucei,  if  it  be  not  identical  with 
that  trypanosome,  and  like  Trypanosoma  brucei  is  ti'ans- 
mitted,  as  shown  by  Kinghorn  and  Yorke  and  others,  by 
Glossina  mors i tans. 

Much  attention  has  been  given  by  British  workers  to 
the  symptomatology  and  morbid  anatomy  of  sleeping  sick- 
ness. As  regards  the  latter,  the  most  important  observa- 
tions are  those  of  Mott,  who  has  shown  that  tlie  nervous 
symptoms  of  the  disease  are  the  result  of  an  extensive 
small-cell  infiltration  of  the  perivascular  connective  tissue 
of  the  brain,  very  similar  to  that  occurring  in  general 
paralysis  of  tlie  insane. 
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Tick  Fever. 

Vandyke  Carter  was  the  first  to  describe  a  spirochaete 
iu  association  with  tlie  relapsing  fever  of  India,  a  spiro- 
chaete  possibly  identical  with  the  S'pirocluieta  rrcnrrentis 
of  01_>eriucyer.  According  to  Mackie,  it  is  transmitted  in 
India  by  the  louse.  Livingstone  and  Sir  .John  Kirk  had 
called  attention  many  years  ago  to  a  fever  prevalent  in 
particular  parts  of  Portuguese  East  Africa  (notably  Tete 
on  the  Zambesi)  which  was  attributed  locally  to  the  bite 
of  the  carrapata,  a  tick  having  bug  like  habits.  It  was 
reserved  for  Milne  and  Koss  in  Uganda  and  Dutton  and 
Todd  on  the  Congo  to  show  that  this  African  carrapata 
disease  is  a  relapsing  fever,  and  tliat  it  is  caused  by  a 
spirochaete — Spirochaeta  duttoni — which,  in  its  turn,  is 
transmitted  from  man  to  man  by  the  bite  of  the  tick 
Oniifjiodoriis  itiouba'a  ;  and,  further,  that  it  can  be  trans- 
mitted not  only  by  the  tick  originally  infected  but  also  by 
the  progeny  of  that  particular  tick.  At  first  there  was 
some  doubt  as  to  whether  or  not  the  new  spirochaete  was 
identical  with  that  of  Obermeyer,  but  well  marked  differ- 
ences iu  their  respective  pathological  and  clinical  effects 
on  man,  as  well  as  the  experimental  work  of  Kinghorn 
and  Breinl,  showed  that,  although  niorpliologically  similar, 
they  were  specifically  distinct.  The  life-history  of  the 
opirocliaete  iu  the  vertebrate  host  has  been  worked  out 
to  some  extent,  particularly  by  Breinl,  of  the  Liverpool 
School  of  Tropical  Medicine,  and  in  .the  tick  by  Sir 
William  Leishman,  R.A.M.C.  According  to  Breinl,  the 
parasites,  when  they  disappear  from  the  blood  at  the 
crisis  of  the  characteristic  recurring  febrile  paroxysms,  are 
taken  up  and  destroyed  for  the  most  part  by  the  phago- 
cytes ;  a  proportion,  however,  enter  certain  cells  wherein 
they  coil  up  and,  ultimately,  after  breaking  up  into  a 
number  of  granules,  escape  as  such  from  the  cell  and 
develop  in  the  blood  into  the  spirochaetes  which,  on 
maturing,  give  rise  to  the  succeeding  jiaroxysm  of  fever. 
As  regards  the  spirochaetes  in  the  tick,  Leishman  found 
that  on  entering  the  stomach  they  also  break  up  into 
minute  granules,  which  pass  into  tlie  cells  of  the 
Malpighian  tubes,  and  thence  into  the  eggs  of  the  tick, 
and  also  into  its  excreta.  Thus  the  parasite  has  double 
opportunity  of  survival,  either  in  the  next  generation  of 
ticks  or  by  passing  out  in  the  excreta  of  the  tick  and  so 
obtaining  access  to  a  human  or  other  vertebrate  host 
through  contamination  of  the  wound  it  inflicts  when  the 
tick  next  proceeds  to  feed.  Balfour  has  made  some  very 
interesting  observations  on  the  pi-ocess  of  granule  forma- 
tion and  discharge  in  the  case  of  a  similar  spirochaete  iu 
Sudanese  fowls,  which  tend  to  throw  light  on  what  occurs 
in  Spirocliacta  duttoni,  both  in  the  tick  and  iu  the  human 
body. 

Yaws. 

Soon  after  the  discovery  of  the  spirochaete  of  syphilis  by 
Schaudinn,  Castellaui,  then  of  the  Ceylon  Medical  Service, 
described  a  similar  though  different  organism,  Spirochaeta 
perteniiis  (v.  pallidiUa)  as  the  germ  cause  of  yaws.  His 
observations  have  been  confirmed  and  are  now  generally 
accepted.  The  same  observer  described  another  species 
of  spirochaete,  Spirocliaetn  broncltialis,  as  the  cause  of 
a  form  of  chronic  bronchitis  occurring  in  Ceylon,  and 
probably  in  Africa. 

Leishmaniasis. 

Medical  men  in  India  and  elsewhere  have  long  been 
familiar  with  a  form  of  chronic  irregular  fever  associa-ted 
with  great  enlargement  of  the  spleen  and  liver.  It  is  a 
deadly  disease.  In  parts  of  India — Assam,  for  example — 
where  it  is  especially  prevalent  and  is  called  kala-azar,  it 
is  a  serious  matter,  having  swept  away  a  large  part  of  the 
population  of  some  districts,  and  is,  or  was,  spreading 
steadily  as  an  epidemic  over  a  large  part  of  the 
Brahmaputra  valley.  The  disease  was  generally  rele- 
gated to  the  malarial  group,  although  some  observers, 
being  struck  with  the  absence  in  this  febrile  spleno- 
megaly of  the  three  pathognomonic  marks  of  malaria 
— namely,  tertian  or  quartan  periodicity,  anjenability 
to  treatment  with  quinine,  and  the  presence  of  the 
malarial  parasite  or  its  product,  haemozoin,  in  the 
blood — refused  to  acknowledge  its  malarial  nature. 
Several  commissions  sent  by  the  Government  in  India 
to  ascertain  the  exact  nature  of  the  disease  completely 
failed  to  establish  its  etiology.  Some  of  us  thought  that 
kala-azar  might  possibly  be  due  to  some  parasite  similar 
to  the  trypanosome,  at  that  time  recently  discovered  in 
association  with  a  chronic   irregular   fever   and   sleeping 


sickness.  Sir  William  Leishman  in  1902,  and  again  in 
1903,  almost  simultaneously  with  Donovan,  found  in  the 
spleen,  in  cases  of  Indian  febrile  splenouiegal}',  a  minute 
oval  body  possessing  two  nuclear  masses,  one  spherical  or 
oval  and  relatively  of  considerable  size,  the  other  linear 
or  bacilliform  and  very  minute.  Extended  investigations 
have  shown  that  these  oval  bodies  are  present  in  the 
spleen,  liver,  bone  marrow,  and  elsewhere  in  every  case 
of  kala-azar,  and  that  they  are  characteristic  and  the  cause 
of  this  deadly  disease,  which,  as  we  now  know,  is  by  no 
means  confined  to  India.  Attempts  at  cultivation  on 
bacteriological  lines,  that  is  to  say  in  warm  media,  were 
unsuccessful.  Later,  however  (in  1904),  Sir  Leonard 
Rogers  ascertained  that  if  these  Leishman  -  Donovan 
bodies,  as  they  came  to  be  called,  were  kept  at  ordinary 
tropical  atmospheric  temperatures,  about  22^  Centigrade, 
in  a  sodium  citrate  solution,  they  underwent  a  remarkable 
development,  first  multiplying  by  division  and  later  on 
developing  into  flagellated  herpetomonas  forms.  This 
discovery  indicated  that  the  parasite  is  capable  of  living 
outside  the  human  body,  it  may  be  in  some  cold-blooded- 
animal,  such  as  an  insect  or  other  intermediary.  From 
the  point  of  view  of  prevention,  it  is  extremely  important 
that  the  life-history  of  Leishinania  donovani  be  com- 
pleted. In  endeavouring  to  attain  this  desirable  end 
workers  must  not  allow  themselves  to  be  too  much 
obsessed  by  the  fact  that  in  the  similar  parasites  of 
malaria,  of  trypanosomiasis,  of  spirochaetosis,  as  well  as 
those  of  yellow  fever  and  of  dengue,  an  arthropod  inter- 
mediary is  essential  in  their  life-history.  Possibly 
Leishmania  requires  such  a  vector  and  intermediary ; 
analogy  certainly  suggests  this,  but  suggestion  is  not 
proof.  The  recent,  and  to  my  mind  very  important, 
observations  of  Laveran  and  Fantham  and  Porter  have 
shown  that  similar  flagellated  organisms — proper  to  in- 
sects, etc. — can  be  transmitted  both  by  inoculation  and  by 
the  mouth  to  warm-blooded  vertebrates  and  flourish  in 
them,  such  transmission  being  by  no  means  iu  every 
instance  a  biological  necessity  for  these  parasites.  It  is 
true  that  Patton  has  succeeded  in  tracing  the  development 
of  Leishmania  donovani  up  to  a  point  iu  the  bed-bug,  but 
so  far  his  observations  have  not  been  accepted  as  con- 
clusive that  the  bug  is  the  transmitter  or  a  necessary 
agent  in  the  life-history  of  Leishmania. 

Not  long  after  the  discovery  of  the  Leishman- Donovan 
body  in  kala-azar  similar  parasites  were  found  by  Wright 
iu  Oriental  sore,  of  which  troublesome  form  of  ulceration 
they  are  undoubtedly  the  germ  cause.  Still  more  recently 
similar  bodies  liave  been  found  iu  a  variety  of  other 
ulcerative  affections  in  tropical  America  and,  by  Chris- 
topherson,  in  the  Sudan,  one  of  them,  Espundia,  being  a 
very  grave  disease  indeed. 

Yellow  Fever  and  Dengue. 
There  are  two  fevers  peculiar  to  warm  climates  which, 
though  differing  very  much  as  regards  gravity,  have  in 
some  respects,  both  etiologically  and  clinically,  inany 
features  iu  common.  I  refer  to  yellow  fever  and  dengue. 
(1)  Their  respective  germs  exist  in  the  blood  and  are 
ultramicroscopic ;  (2)  their  germs  are  conveyed  to  man  by 
the  same  species  of  mosquito,  Stcgonrijia  calopus  ;  (3)  one 
attack  confers  absolute  or  relativ-e  immunity;  (4)  in  both 
there  is  a  primary  fever  and  generally  a  secondary  fever ; 
(5)  in  both  there  is  marked  flushing  of  the  skin,  violent 
lieadache,  general  aching,  and  a  rapidly  attained  high 
temperature  which  is  generally  associated  with  a  relatively 
slow  pulse ;  the  duration  of  the  primary  fever — three, 
four,  or  five  days — is  about  the  same  in  both.  These 
etiological  and  clinical  features  held  in  common  suggest 
some  kind  of  relationship  as  regards  the  respective  germs. 
Carlos  Finlay  of  Havana  was  the  first  to  endeavour  to 
prove  experimentally  that  yellow  fever  was  conveyed  by 
mosquito  bite,  and  he  distinctly  indicated  Sfegonii/ia, 
calopus  as  the  species  concerned.  His  experiments  were 
neither  numerous  nor  convincing,  and  the  subject  was 
dropped  till  the  American  commissioners — Reed,  Carroll, 
Agramonte,  and  Lazear — took  the  matter  up  and  definitely 
established  the  fact  that  yellow  fever  is  transmitted  by 
the  bite  of  Stcgonu/ia  calopus  and,  in  nature,  by  no  other 
means.  The  practical  application  of  this  discovery,  in 
Havana  and  on  the  Panama  Canal  by  Gorgas  and  his  col- 
leagues, and  by  others  elsewhere  iu  tropical  America,  has 
led  to  what  must  be  regarded  as  one  of  the  greatest 
triumphs  of  preventive  medicine,  whether  in  the  tropics  or 
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elsewhere.  Any  claim  for  a  share  iu  this  iiiiportaut 
achioveiueut  that  might  ho  advauoed  for  British  workers 
can  ho  at  most  only  an  iiKUroot  one. 

Fortimately  the  deadly  yellow  fever  has  hitherto  hecn 
coiitiiiod  to  tropical  Ameriea  and  West  Africa,  extcndinj^  to 
Western  liluropc  and  pai'ts  of  America  only  at  lonj^  inter- 
vals and  only  during,'  the  hot  months  of  the  year,  and  even 
then  only  in  cireumscrihed  epidemics.  Not  so  deni^ue  ;  it 
occurs  iu  extensive  epidemics  throughout  the  entire  tropical 
and  subtropical  belts,  whore  in  certain  places  it  is  more 
or  less  endemic.  Why  yellow  fever  has  not  a  similar  dis- 
tribution is  hard  to  explain,  seeing  that  both  diseases  are 
■conveyed  by  the  same  Stegoujyia  mosquito.  It  is  only 
quite  recently  (1916)  that  Stegomvia  has  been  proved  to  be 
a  vector  of  dengue.  For  this  imiiortant  piece  of  informa- 
tion we  are  indebted  to  three  Australian  physicians — 
Burton  Clelaud,  Bradley,  and  McDonald.  It  is  true  that 
previous  workers  had  blamed  the  mosquito  as  the  vector 
of  the  germ  of  dengue — notably  Graham  in  Syria  in  1903, 
and,  later,  Ashburn  and  Craig  in  Manila,  but  iu  neither 
case  were  the  experiments  satisfactory,  and  it  would 
appear  now  that  the  mosquito  which  they  blamed — 
namely,  Cithw  fatifjans — is  not  the  only  transmitter,  if  it 
be  a  transmitter  at  all.  The  Australian  physicians  referred 
to,  although  they  failed  with  Cide.c  fatigans,  succeeded  in 
communicating  dengue,  under  conditions  which  completely 
excluded  every  possible  source  of  fallacy,  by  infected 
Stcgoinyia  cnlojius. 

Pappat.^ci  Fever. 

Pappataci  fever — an  ephemeral  fever  of  approximately 
three  days'  duration  and  regarded  sometimes  iu  tropical 
oouutries  as  a  fever  of  acclimatization — has  long  been 
known  to  tropical  practitioners.  Shortly  before  the  part 
played  as  vector  by  PIdebotoinus  2J(ij>atasii  was  known  the 
clinical  characters  and  specific  nature  of  this  fever  were 
described  and  recognized  by  James  iu  India  and 
McCarrisou  in  Chitral.  Subsequently  Birt  confirmed  the 
discoveries  of  Doerr,  Franz,  and  Taussig  as  regards  the 
part  played  by  Phlehotomus,  and  British  naturalists  have 
worked  out  in  a  great  measure  the  bionomics  of  that 
insect. 

Undifferentiated  Fevers  of  the  Tropics. 

There  can  be  little  doubt  that  in  addition  to  the  fore- 
going there  are  other  fevers  of  a  specitic  nature  peculiar  to 
the  tropics,  whose  germ  causes  and  vectors  have  hitherto 
escaped  detection.  Many  attempts  have  been  made  by 
British  observers,  particularly  Crombie  and  Leonard 
Rogers,  to  classify  these  fevers  on  a  clinical  basis,  but 
until  the  germs  or  their  vectors  have  been  recognized,  any 
arrangement  of  this  nature  can  be  regarded  only  as  a 
temporary  one. 

Helminthiases. 
Trematodes. 

Of  late  years  many  additions  have  been  made  to  the 
■list  of  trematodes  invading  tropical  mankind,  as  well  as  to 
our  knowledge  of  the  pathological  effects  and  life-histories 
of  the  more  important  of  them.  For  much  of  this  we  are 
indebted  to  British  investigators. 

I  may  cite  the  new  West  African  fluke,  Watsonius 
loatsoni,  discovered  by  Dr.  AVatson  in  1904,  and  since 
"found  to  be  not  uncommon  in  certain  parts  of  Nigeria  ; 
Gastrodiscus  Iwminis,  discovered  by  Lewis  and  McConnell 
in  India  in  1876 ;  Echinostoma  malayanum,  by  Drs. 
Macaulay  and  Stanton  in  1911  in  the  Malay  States ; 
Clonorchis  sinensis,  by  McConnell,  in  1874 ;  Opisthorcliis 
noverca,  by  Lewis  and  Cunningham,  in  1872  ;  Fasciolopsis 
buskii,  by  Busk,  in  1843  ;  Faragonimus  ivestermanii,  for  the 
first  time  in  man,  by  Ringer  in  Formosa  in  1880,  its  ova 
having  been  recognized  previously  and  independently  by 
Baelz  and  the  writer  as  a  characteristic  feature  in  the 
sputum  of  patients  suffering  from  a  somewhat  serious 
form  of  endemic  haemoptysis  occurring  in  Japan,  Korea, 
Formosa,  and  the  Philippines. 

Schistosomiasis. 

These  discoveries,  though  interesting  "to  the  hehuinth- 
ologist,  are  of  comparatively  small  importance  to  the 
pathologist,  especially  if  compared  with  the  most  recent 
■discoveries  in  connexion  with  that  peculiar  family  of 
trematodes,  the  Schistosomidae,  including  Schistosoma 
haematobium  (Bilharzia),  Schistosoma  mansoni,  and 
Schistosoma  japonic idr. 

Since  Bilharz,  in  Egypt,  in  1851,  discovered  the  parasite 
■which  bears  his  name  it  has  been  ascertained  that  this 


trematodo  is  widely  distributed  throughout  the  African 
continent,  the  adjacent  islands,  and  in  parts  of  Asia;  that 
in  many  districts  it  is  very  ])ruvalcnt — for  example.  Lower 
Egypt,  where  it  affects  one^  third  and  in  some  places  even 
90  per  cent,  of  the  fellaheen  population ;  that  it  is 
the  cause  of  grave  and  even  fatal  disease;  and 
that  it  has  a  decidedly  deteriorating  influence  on  the 
general  health  and  therefore  on  the  economic  condition 
of  the  seriously  affected  area.  Its  pathological  effect 
has  been  fairly  exhaustively  studied  of  late  years, 
especially  by  Madden,  Jlilton,  Sandwitli,  and  others,  and 
the  morphology  of  the  adult  worm  and  its  ova  detc'rmined, 
but  tlie  important  njatter  of  its  life-history  and  the 
channels  by  which  it  enters  the  human  body  were  until 
quite  recently  (1916)  either  quite  unknown  or  at  most  mere 
matters  of  speculation.  Dr.  Leiper  of  the  London  School 
of  Tropical  Medicine,  by  a  series  of  brilliant  observations 
ajid  successful  experiments,  has  now  couqiletely  tilled  in 
this  hiatus  in  our  knowledge,  and  has  thereby  placed  in 
the  hands  of  the  sanitarians  a  sure  guide  in  developing 
methods  for  the  prevention  of  a  disease  which  hitherto 
has  proved  the  despair  of  the  therapeutist.  The  history 
of  Leiper's  discoveries  is  interesting,  not  only  as  regards 
the  subject  they  concern  more  particularly,  but  also  as 
once  more  showing  how  what  at  the  time  appears  to  be  a 
discovery  with  relatively  small  bearings  may,  sooner  or 
later,  lead  to  others  of  vastly  greater  importance. 

A  chronic  and  very  fatal  disease  characterized  by  en- 
largement of  the  liver  and  spleen,  blood  and  .slime  iu  the 
stools,  anaemia,  and  ultimately  ascites,  liad  been  recognized 
for  a  considerable  time  as  endemic  in  certain  parts  of  Japan 
and  China.  Subsequently  the  ova  of  a  trematode  were 
found  to  be  a  feature  in  the  stools  and  organs  of  such 
cases.  Still  more  recently  Katsurada  found  in  the  liver 
of  cats  from  one  of  the  endemic  areas  numerous  schisto- 
somes containing  eggs  identical  to  all  appearances  with 
those  found  in  the  faeces  of  the  human  subjects  of  this 
disease  ;  and  still  later,  1905,  Catto  found  the  same  parasite 
and  eggs  in  the  organs  of  a  Chinaman  who  died  in  Singa- 
pore. The  disease  is  now  known  as  Katayama's  disease. 
Japanese  observers  have  found  that  its  parasite,  ScJiisto- 
soma  japoniciim,  can  be  communicated  to  cats  simply  by 
immersing  them  in  the  water  of  certain  rice  fields  in  the 
endemic  area.  It  was  not  essential  that  the  water  should 
be  swallowed ;  simple  immersion  of  part  of  the  body 
of  the  cat  sufficed.  Myari  succeeded  in  infecting 
animals  from  a  mollusc  common  iu  these  rice  fields. 
He  traced  the  development  of  the  trematode  in  the 
mollusc  and  concluded  that  man  acquired  infection  by 
working  in  the  rice  field,  a  conclusion  supported  by  the 
experience  of  Europeans  in  China,  principally  sportsmen 
devoted  to  snipe  shooting,  who,  it  is  to  be  presumed,  had 
acquired  the  disease  in  wading  through  rice  fields  or 
swamps.  Leiper,  impressed  by  these  observations  and 
recognizing  their  possible  bearing  on  bilharzia  disease  of 
Egypt,  applied  for  and  obtained  permission  and  facilities 
from  the  London  School  of  Tropical  Medicine  to  proceed 
to  the  Far  East  to  familiarize  himself  with  and  to  test 
Myari's  conclusions.  The  latter,  somewhat  modified,  he 
confirmed.  Returning  to  England,  he  placed  the  matter 
before  the  War  Office  authorities,  who,  recognizing  the 
importance  of  bilharzia  disease  to  the  large  body  of  troops 
assembled  in  Egypt,  and  acting  in  concert  with  the 
Medical  Research  Committee,  commissioned  Leiper  to 
proceed  at  once  to  that  country  to  study  locally  the  etiology 
of  bilharziasis  and  to  suggest  measures  for  its  prevention 
and  for  the  protection  of  the  troops.  In  a  very  short 
time  Leiper,  assisted  by  Drs.  J.  G.  Thomson  and  Cockin, 
ascertained  that  on  emerging  from  the  terminal-spined 
egg,  opportunity  serving,  the  miracidium  of  ScJiistosoma 
haematobium  enters  the  liver  of  a  fresli-water  mollusc,  a 
species  of  BaUinus  {dijbowski),  very  common  iu  the  irriga- 
tion canals  of  Egypt,  and  transforms  into  a  sporocyst  and 
daugliter  spotocysts,  wherein  vast  numbers  of  cercariae 
develop.  The  cercariae  ultimately  escape  into  the  water, 
penetrate — opportunity  offering — the  skin  of  man  or  other 
vertebrate,  and,  dropping  their  tails  in  the  passage,  find 
their  way  into  the  liver  of  the  vertebrate  host,  wherein, 
after  six  to  ten  weeks,  they  attain  sexual  maturity, 
becoming  adult  trematodes,  which,  passing  into  the  veins 
of  the  bladder,  produce  the  characteristic  terminal-spined 
eggs  which  escape  iu  the  urine. 

During  these  investigations  Leiper  was  able  to  settle 
another    and    much    disputed   point   in    connexion    with 
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billiarziasis.  It  had  long  been  recognized  that  there  are 
two  types  of  bilharzia  ova,  one  terminal-spined  and  passed 
principally  in  the  nrine  and  only  occasionally  in  tlie  faeces  ; 
the  other  lateral-spined  and.  practically,  found  exclusively 
in  the  faeces.  Both  types  of  ovnm  were  generally  attributed 
to  the  same  species  of  treniatode,  the  difference  in  the 
position  of  the  spine  heing  variously  explained.  In  1903 
the  writer,  in  e-xaunuing  the  faeces  of  an  Englishman 
from  the  West  Indies,  encountered  numerous  lateral- 
spined  ova.  Seeing  that  the  patient  had  never  visited 
Africa  or  any  other  region  where  billiarziasis  was  known 
to  be  endemic,  that  the  urine  contained  no  terminal-spined 
ova,  and  that,  although  thousands  of  examinations  of  the 
urine  must  have  been  made  in  the  West  Indies,  bilharzia 
ova  had  never  been  reported  from  that  part  of  tlie  world, 
ho  suggested  tliat  the  schistosoma  producing  these  lateral- 
spined  ova  must  belong  to  a  species  other  than  that 
Ijroducing  terminal-spined  ova.  Sauibon,  adding  many 
additional  reasons,  concurred  in  this  view  and  paid 
me  the  compliment  of  naming  the  new  species 
Schistosoma  mansoni.  Looss,  "who  considered  that  this 
trematode  did  not  require  an  intermediary,  refused  to 
accept  the  species.  Leiper,  however,  in  the  course  of  the 
investigations  just  referred  to,  found  that  the  mira- 
cidium  of  the  lateral-spined  ova  enters  a  species  of 
snail,  Flanorhis  hoisstji,  quite  distinct  from  the  BuUinus 
favoured  by  the  terminal-spined  ova,  and  that  on  reaching 
the  vertebrate  host  developed  into  a  sexually  mature 
schistosoma  anatomically  quite  distinct  from  that  resulting 
from  infection  from  the  miracidium  of  the  tgrminal-spined 
ovum.  Thus  Schistosoma  liaematobium  produces  only  the 
termitial-spined  ova,  and  Schistosoma,  mansoni  only  lateral 
spined  ova,  and  are  distinct  species.  Quite  recently  many 
cases  of  lateral-spined  billiarziasis  have  been  reported  from 
the  West  Indies  and  Brazil,  but  never  a  case  of  terminal- 
spined  bilharziasis,  so  that  now  there  can  be  no  question 
as  to  the  validity  of  the  new  species  Scliistosoma  mansoni. 
In  further  coufirmatiou  of  this  conclusion  Lutz  has  found 
that  a  Planorbis  is  its  intermediary  host  also  in  Brazih 

Dracontiasis. 
Although  the  anatomical  features  of  the  adult  guinea- 
worm  and  of  its  larva  had  been  ascertained,  little  was 
known  of  the  life-history  of  this  formidable  jjarasite  until 
Fedschenko  discovered  in  1870 — a  discovery  subsequently 
confirmed  by  the  writer — that  the  larva  on  being  passed 
into  water  enters  the  body  of  a  fresh- water  Cyclops, 
wherein  it  undergoes  extensive  developmental  changes. 
In  1907  Leiper  was  sent  by  the  London  School  of  Tropical 
Medicine  to  West  .Africa  to  endeavour  to  ascertain  in  what 
way  the  parasite  after  leaving  Cyclops  returns  to  man. 
He  found  that  if  the  infected  crustacean  were  immersed 
in  a  weak  (0.22  per  cent.)  solution  of  hydrochloric  acid  (in 
imitation  of  gastric  juice)  the  cyclops  was  immediately 
killed,  whilst  the  included  parasites,  on  the  contrary,  were 
stimulated  to  great  activity,  and  bored  their  way  through 
the  integument  of  the  cyclops.  This  experiment,  he  con- 
jectured, indicated  the  route  likely  to  be  followed  by  the 
guinea-worm  in  nature,  .-is  confirmatory  experiment  on 
man  was  out  of  the  question,  Leiper  administered  infected 
Cyclops  to  a  monkey,  and  had  the  satisfaction,  on  the  dSatili 
of  the  monkey  several  months  later  in  England,  of  finding 
three  female  and  two  male  guinea- worms  in  an  advanced 
state  of  development  in  its  tissues.  From  this  we  may 
conchide  that  the  infection  is  acquired  by  man  from 
cyclops-infested  drinking  water  fouled  by  guinea-worm 
carriers.  Efficient  preventive  measures  are  clearly 
indicated  by  this  new  knowledge. 

Ascaris  liimbricoiiles. 
It  has  been  generally  accepted  that  the  experiments  of 
Davaine,  Grassi,  and  other  Continental  workers  had  proved 
that  the  larvae  in  the  ripe  eggs  of  ascaris  were  hatched 
out  in  the  human  intestinal  canal,  and  therein  imme- 
diately proceeded  to  sexual  maturity.  Quite  recently, 
however,  the  experimental  work  of  Stewart  tends  to  show 
that  the  life-history  of  this  very  common  parasite  may  be 
not  quite  so  simple.  Sambon  already  had  pointed  out 
that  the  papilla  or  beak,  a  conspicuous  feature  in  the 
larval  ascaris,  indicated  that  the  little  organism  at  an 
early  stage  of  its  existence  bores  its  way  into  the  tissues. 
Stewart  has  now  shown  that  if  ripe  ascaris  eggs  are  fed 
to  a  mouse  many  of  the  larvae  liberated  in  the  intestinal 
canal  pass  to  the  lungs,  and,  if  the  dose  of  eggs  is  large. 


may  even  induce  fatal  pneumonia.  The  complete  bearing 
as  regards  man — the  normal  host  of  Ascaris  lumbricoides 
— of  this  observation  is  not  quite  apparent,  but  it  certainly 
goes  a  long  way  to  prove  Sambon's  view  that,  before  attain- 
ing sexual  maturity,  the  parasite  must  enter  the  tissues  of 
its  liuman  host. 

Filariasis. 
In  1872  Timothy  Lewis,  in  India,  ascertained  that  tlie 
larval  filaria  discovered  by  Demarquay  and  Wucherer  in 
pathological  fluids  was  normally  a  parasite  of  the  circula- 
tion. He  called  it  Filaria  sanguinis  hominis.  In  1876 
Bancroft,  in  Australia,  discovered  the  parental  worm, 
Filaria  hancrofti.  Subsequently,  in  1878,  the  writer 
ascertained  that  a  Cule.x  mosquito  served  as  its  inter- 
mediary host,  abstracting  tlie  microfilaria  from  the  blood 
and  providing  it  with  an  opportunity  for  undergoing 
important  developmental  changes,  during  which  it  increases 
in  size  from  a  microscopic  object  to  one  just  visible  to  the 
naked  eye,  and  possessing  an  alimentary  canal  as  well  as 
remarkable  powers  of  locomotion.  In  1900  Low  at  the 
London  School  of  Tropical  Medicine,  and  subsequently 
James  in  India,  made  the  important  discovery  that  at  this 
stage  of  development  the  larval  worm  passes  into  the 
labium  of  the  mosquito's  proboscis,  and  gets  back  into  man 
direct,  the  old  idea  of  the  mosquito  dying  on  the  water  and 
the  embryos  escaping  into  this  medium  and  so  reaching 
man,  being  thereby,  if  not  absolutely  disproved,  rendered  ■ 
improbable.  Noe,  Grassi,  and  Fiilleborn  in  the  case  of  the 
allied  parasite  (Filaria  immitis)  of  the  dog,  and  Bahr  in 
the  case  of  the  human  parasite,  have  shown  the  exact 
mechanism  of  how  this  takes  place.  Finally,  the  meta- 
morphosed embryos  arrive  at  the  lymphatics,  where 
development  is  completed  and  the  new  generation  of 
embryo  filariae  born. 

When  working  in  China  at  the  life-history  of  the  filaria 
I  stumbled  on  the  phenomenon  known  as  "  filarial 
periodicity."  The  microfilariae,  I  found,  under  normal 
circumstances  come  into  the  general  circulation  in  the 
evening,  increase  in  number  till  midnight,  and  gradually 
disappear  towards  morning,  being  almost  entirely  absent 
from  the  peripheral  circulation  during  the  day,  when, 
as  I  subsequently  ascertained,  they  lie  up  in  the  lungs 
and  greater  blood  vessels.  Stephen  Mackenzie  showed 
that  by  inverting  the  habits  of  the  human  host  as  regards 
the  times  of  sleep  this  periodicity  was  correspondingly 
inverted,  the  filariae  then  coming  into  the  peripheral  cir- 
culation during  the  day  and  disappearing  from  it  at  night. 
For  many  years  it  was  believed  that  this  type  of 
periodicity  was  observed  by  Filaria  hancrofti  embryos  in 
all  countries  and  climates.  It  certainly  applies  in  most 
instances  to  China,  India,  Africa,  and  .\merica,  but  we 
now  know  that  it  does  not  hold  good  for  the  islands  of  the 
Pacific — islands  in  which  filariasis  is  particularly  pre- 
valent. Thorpe  was  the  first  to  notice  this,  and  later 
Lynch  and  others,  especially  Bahr,  confirmed  his  observa- 
tion in  Fiji  and  elsewhere. 

A  larval  filaria  described  by  j^shburn  and  Craig  in  the 
Philippines  in  1906  under  the  name  of  Filaria  philip- 
pinensis  has  recently  been  proved  to  be  only  an  example 
of  F.  hancrofti,  adults  from  such  cases  being  indis- 
tinguishable from  the  latter.  Further,  Leiper,  after 
careful  study,  has  failed  to  find  any  anatomical  differences 
between  the  adult  worms  from  Fiji  and  those  from  Asia 
and  elsewhere.  It  seems  to  the  writer  that  Bahr  may 
have  supplied  the  explanation  of  the  discrepancy  as 
regards  periodicity  between  the  ordinary  and  the  Pacific 
microfilaria.  This  observer  has  shown  that  although  in 
Fiji,  as  elsewhere,  the  night-feeding  Culex  fatigans  is  an 
efficient  intermediary  for  the  filaria,  it  is  not  the  usual  or 
most  efficient  intermediary  in  that  group  of  islands.  In 
Fiji  the  day-feeding  mosquito,  Stegomyia  pseudo-scutellaris, 
is  not  only  a  very  common  insect  but  in  respect  of  efficiency 
as  an  intermediary  for  the  filaria  is  ahead  of  Culex 
fatigans,  and  he  concludes  that  the  filaria  has  partially 
adapted  its  habits  to  those  of  its  favourite  intermediary 
in  the  Pacific,  'just  as  it  has  adapted  itself  to  the  habits 
of  Culex  fatigans  and  other  nocturnal  mosquitos,  its 
favourite  intermediaries  in  -■^sia,  Africa,  and  America.  It 
may  be  suggested  that  the  explanation  might  lie  in  some 
peculiarity  of  climate  or  other  circumstance  peculiar  to 
Fiji  and  the  Pacific  islands  generally  ;  but  the  same 
writer  has  shown  that  the  microfilaria  of  coolies  imported 
from  India,  who,  presumably,  had  brought  their  parasites 
with    them    fi-om     their     native    country,    retained    the 
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nocturnal  jieriodicity  habit  ovon  after  years  of  rosidenco 
in  l''iji,  whilst  Indians  born  in  Fiji  acquired  the  non-iicriodic 
tilaria  only.  The  point,  however,  is  not  settled,  as  Culcx 
fafii/diis  does  exist  and  can  carry  the  liUiria  in  Fiji. 

Although  in  many  instances  the  filaria  appears  to  be 
uon-pathogonic,  nevertheless,  seeing  that  it  is  apt  in  a 
considerable  proportion  of  instances  to  give  rise  to  serious 
disease,  especially  elephantiasis,  and  that  it  occurs  in  a 
large  proportion  (5  to  75  per  cent.)  of  the  inhabitants  of 
many  tropical  countries,  it  is  a  very  important  element  in 
tropical  pathology. 

ilany  British  workers  have  studied  the  pathological 
bearings  of  this  parasite,  and  have  definitely  linked  it  up 
as  the  cause  of  lymphangitis,  of  chyluria,  varicose  groin 
and  axillary  glands,  lymph  scrotum,  chylocele,  various 
forms  of  lymphaugiectasis  and  of  tropical  elephantiasis, 
and  also  of  fatal  septicaemia  supervening  on  suppuration 
in  abdominal  and  other  seats  of  lymphatic  varix.  Of 
interest  are  the  observations  of  Wise  in  Demarara,  and 
Bahr  in  Fiji,  on  the  cretitied  remains  of  effete  (ilariae  in 
the  lymphatic  glands  and  elsewhere. 

Other  Microfilariae. 

As  opportunity  presented  itself  the  writer  made  syste- 
matic examination  of  the  blood  of  the  natives  of  many 
different  tropical  countries,  and  in  this  way  was  enabled 
to  discover  the  blood-haunting  larval  tilariae  of  three 
additional  and  specifically  distinct  nematodes,  namely, 
Filaria  loa,  Filaria  perstans,  and  Filaria  demarquayi. 

The  embrj'os  of  Filaria  (loa),  the  eye  worm  of  tropical 
West  Africa  and  its  hinterland,  and  the  cause  of  the 
peculiar  condition  known  as  "  Calabar  swellings,"  so 
common  in  Europeans  in  those  regions,  and  so  often  mis- 
taken for  erythema  nodosum,  resemble  very  closely  those 
of  Filaria  bancrofti.  It  differs,  however,  from  the  latter 
in  minute  anatomical  details,  and  also  in  observing  an 
exactly  opposite  periodicity,  entering  the  general  circula- 
tion during  the  day  and  disappearing  from  it  at  night. 
This  circumstance  led  the  writer  to  suggest  that  its 
liberating  and  intermediary  host  must  be  a  biting  fly  of 
corresponding  habit,  and  as  the  mangrove  fly,  Chrysops 
dimidiata,  was  very  common  and  very  active  during  the 
day  in  the  endemic  districts,  he  suggested  that  it  might  be 
the  intermediary  host,  and  therefore  responsible  for  the 
spread  of  the  parasite.  This  suggestion  has  been  proved 
to  be  correct  by  Leiper,  whose  observations  have  been 
confirmed  quite  recently  by  Kleine  in  the  Cameroons. 

Acantliocheilonema  perstans. 
The  larval  form  of  this  parasite  was  found  in  1891  in 
the  blood  of  a  Congo  negro  suft'ering  from  sleeping  sickness, 
and  subsequently  found  in  many  cases  of  that  disease. 
I  concluded  that  it  might  be  the  cause  of  this  condition, 
but  Low  and  others  have  shown  that  this  is  not  so.  We 
now  know  that  it  is  a  very  common  parasite  in  West  Africa, 
on  the  Congo,  in  Uganda,  in  British  Guiana,  and  probably 
elsewhere  in  the  tropics.  Daniels  was  the  first  to  find  the 
adult  worm  in  aboriginal  Indians  of  British  Guiana. 

Filaria  demarquayi. 

The  larvae  of  this  species  I  found  in  the  blood  of  the 
Caribs  of  St.  Vincent,  West  Indies,  and  subsequently  in 
aboriginals  of  British  Guiana  and  possibly  of  New  Guinea. 
Low  has  shown  that  it  occurs  also  in  others  of  the 
West  Indian  Islands — Dominica,  Trinidad,  and  St.  Kitts. 
He  experimented  with  many  insects  to  determine  the 
intermediate  host,  but  failed  to  find  it.  The  adult  form  was 
discovered  and  described  by  Daniels  in  1898.  Whether  the 
two  last- mentioned  nematodes  produce  any  serious  patho- 
logical effects  has  not  been  absolutely  determined.  It  is 
unlikely  that  they  do  so. 

Sprue. 

Sprue  is  one  of  the  more  important  diseases  of  the 
tropics,  particularly  as  i-egards  Europeans,  among  whom, 
especially  among  the  older  residents,  it  is  a  very  common, 
very  intractable,  and  very  deadly  disease.  It  is  only  of 
late  years  that  its  characters,  symptoms,  and  diagnosis 
have  come  to  be  generally  recognized,  mainly  through  the 
writings  of  Fayrer,  Thin,  myself,  Carnegie  Brown,  Begg, 
Castellani,  and  Bahr.  The  histopathology  of  the  disease 
has  been  well  worked  out  by  British  pathologists.  There 
has  been  much  speculation  about  the  assumed  specific 
cause — bacteria,  hyphomycetes,  and  even  helminths  having 
been  at  different  times  incriminated;  so  far  nothing 
definite  in  this  respect  has  been  arrived  at.     We  are  there- 


fore still  at  a  loss  to  indicate  a  scientific  prophylaxis  of  a 
disease  which  amounts  to  a  positive  curse  in  such  places 
as  Ceylon,  the  Malay  States,  parts  of  India,  of  China,  and 
of  many  other  tropical  countries. 

Tmi'-,  Dysknthkiks. 
It  is  only  of  late  years  that  anything  approaching  to  a 
scientific  conception  has  been  attained  of  what  is  indicated 
by  the  term  ''dysenlcry."  Formerly  the  word  was  taken  to 
indicate  one  definite  and  distinct  disease,  but  nowadays 
wo  nmst  regard  it  as  indicating  several  forms  of  colitis 
brought  about  by  a  number  of  specifically  distinct  disease 
germs.  Thus  we  have  protozoal  dysenteries  attributable 
to  such  germs  as  the  Entamoeba  histolytica,  the  malarial 
parasite,  leishmania,  and  Balantidium  coli :  helminthic 
dysenteries  resulting  from  invasion  of  the  walls  of  the 
colon  by  Schistosoma  Japonicitm  and  Schistosoma  maiisoni  ; 
bacterial  dysenteries  produced  by  the  several  meinbers  of 
the  Bacillus  dyscnteriae  group,  and  probably  of  other 
bacteria.  Although  most  of  the  original  discoveries  which 
have  enabled  us  to  arrive  at  this  classification  of  the 
dysenteries  are  to  be  attributed  to  workers  other  than 
British,  some  of  them  maybe  fairly  assigned  to  our  fellow- 
countrymen,  especially  those  having  a  bearing  on  the  pre- 
vention of  these  diseases,  such  as  the  elucidation  of  the 
part  played  by  dysentery  carriers  and  their  treatment. 

Beri-beri. 
How  many  etiologically  distinct  forms  of  tropical 
multiple  peripheral  neuritis  are  included  under  the  term 
"  beri-beri  "  it  is  at  present  difficult  to  say  ;  probably  there 
are  several.  If  we  confine  the  term  to  that  form  of 
endemic  multiple  peripheral  neuritis  occurring  in  the 
Malay  archipelago,  China,  and  .Japan,  evidence  is  rapidly 
accumulating  that,  if  it  be  not  the  only  and  sole  cause 
of  the  disease,  a  dietary  deficient  in  the  vitamines 
essential  for  healthy  nutrition  has  much  to  do  with  it. 
Although  the  initial  observations  which  have  led  to  this 
conclusion  are  to  be  credited  to  a  Dutch  physician — 
Eijkman — much  has  been  done  by  British  workers  in 
narrowing  the  field  for  observation  and  in  giving  precision 
to  conclusions.  The  observations  of  Eijkman  on  beri-beri 
in  the  Dutch  East  Indies  distinctly  indicated  that  in  some 
way  or  other  the  disease  was  associated  with  a  particular 
kind  of  prepai'ed  rice.  Later  Braddon  insisted  on  this ; 
and  although  his  explanation  of  the  modus  operandi 
of  the  rice  factor  was  not  the  right  one,  yet  his 
insistence  led  to  careful  and  fruitful  investigation  and 
experiment  by  Fraser  and  Stanton  under  Government 
auspices.  The  last  named  observers  have  distinctly  shown 
that  a  leading  element,  if  not  the  only  element,  in  the 
causation  of  beri-beri,  at  all  events  in  the  Malay  States,  is 
absence  (owing  to  excessive  milling)  of  the  pericarp  and 
germ  of  the  rice  which  constitutes  the  staple  food  of  the 
Chinese,  Indian,  and  Japanese  coolie.  And,  further,  they 
have  shown  that  the  administration  of  the  millings  of  the 
decorticated  and  highly  polished  rice  can  arrest  the  de- 
velopment of  a  threatened  attack  of  beri-beri,  and,  if  it  is 
not  too  far  advanced,  cure  the  disease.  These  observa- 
tions on  man  are  supported  by  experiment  on  the  lower 
animals,  especially  on  fowls,  in  which,  as  Eijkman  and 
many  others  have  shown,  a  diet  exclusively  of  the  incrimi- 
nated forms  of  rice  induces  a  polyneuritis  closely  re- 
sembling, if  not  identical  with,  that  of  beri-beri.  The 
conclusions  of  Fraser  and  Stanton  have  been  substantiated 
by  many  independent  observers  in  the  Philippines,  in 
Japan,  and  elsewhere,  and  action  based  on  these  con- 
clusions has  had  most' happy  results  in  prisons,  asylums, 
hospitals,  and  other  public  institutions,  as  well  as  on 
native  labour  in  plantation  and  mining  camps.  Mott, 
Halliburton,  Durham,  and  Hamilton  Wright  have  made 
important  contributions  to  the  pathology  and  anatomy  of 
this  disease. 

Skin  Diseases. 
Mycetoma. — Since  Vandyke  Carter,  in  1859,  demonstrated 
the  mycotic  nature  of  the  melanoid  and  ochroid  forms  of 
what  is  variously  termed  Madura  foot,  fungus  disease  of 
India,  and  mycetoma,  considerable  attention  has  been 
given  to  this  and  allied  diseases  by  British  and  French 
pathologists,  notably  in  Britain  by  H.  J.  Carter,  Kanthack, 
Boyce,  Hewlett,  Adami,  Kirkpatrick,  and  many  others. 
Owing  to  the  labour  of  these  observers,  it  is  now  known 
that  mycetoma  occurs  in  many  tropical  countries  besides 
India,  and  in  a  variety  of  forms,  and  that  the  germs  are 
introduced  through  wounds  in  the  skin. 
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ZUccrating  rjranuloma  0/  the  piulenda  was  first  Ad- 
scribed  in  India  by  McLeod,  and  in  1896  by  Oouyers  and 
Daniels  in  Britisli  Guiana,  and  subsequently  by  otber 
Britisli  workers  in  Africa,  Australia,  and  elsewbere. 
Donovan  called  attention  to  certain  coccoid  parasites 
included  singly,  or  more  usually  in  groups,  in  tlie  large 
mononuclear  cells  obtained  by  scraping  tlie  surface  of  the 
cliaracteristic  ulcers.  Intravenous  injections  of  antimony 
have  lately  been  used  witli  good  effect  in  the  treatment  of 
this  disease  by  workers  in  Brazil,  and  Low  and  Newliam 
have  recently  published  the  details  of  a'case  in  England 
cured  by  this  method 

The  systematic  study  of  the  tropical  dermatomycoses 
had  been  neglected  until  recent  years,  and  until  the 
adoption  of  Sabouraud's  methods  by  Castcllani  and 
Chalmers  liad  brought  about  a  certain  amount  of  order 
into  this  little  understood  department  of  tropical  dermato- 
logy. (Hher  iiritish  workers  liave  from  time  to  time  con- 
tributed to  tlie  advancement  of  tlie  subject,  and  I  may 
mention  Turner  and  Sir  William  MacGregor.  The  tropical 
practitioner  is  no  longer  satisfied  with  a  comprelieusive 
diagnosis  of  the  mycotic  sliin  diseases  by  the  expression 
"  dhobie  itcli."  He  now  recognizes  that  there  is  a  great 
variety  of  hypliomyceticsliin  disease  both  in  the  native  and 
in  Europeans;  he  distinguishes  between  erythrasma,  tinea 
cruris,  tinea  imbricata,  pityriasis  versicolor,  and  so  forth,  and 
he  knows  now  that  these  are  only  a  few  of  tlie  many  forms  of 
hyphomycetic  sliin  disease  fostered  by  the  heat  and  mois- 
ture of  tropical  climates  and  contact  with  tropical  animals. 

Votnitinij  Sickness  of  Jamaica. — For  many  years  it  has 
been  liuowu  that  a  peculiar  disease,  called  "  vomiting 
sickness,"  occurs  from  time  to  time  in  certain  districts  in 
the  island  of  Jamaica.  It  is  an  extremely  fatal  disease, 
the  mortality  being  anything  from  80  to  90  per  cent.  It 
occurs  particularly  in  children,  althougli  sucklings  are 
exempt.  Naturally  its  etiology  has  been  the  subject  of 
much  speculation  and  several  commissions  have  attempted 
to  clear  this  up.  Some  have  regarded  it  as  a  manifesta- 
tion of  yellow  fever,  others  of  malaria,  but  it  has  been 
reserved  to  Dr.  H.  Harold  Scott,  Government  bacteriolo- 
gist, Jamaica,  to  solve  the  mystery.  He  has  found  that 
the  so-called  disease  is  produced  by  poison  liberated  in 
some  mysterious  way  in  immature  or  damaged  ackees,  the 
fruit  of  Blighia  sapida  (a  tree  very  common  in  Jamaica) 


and  much  used  by  the  negroes  of  that  island.  Shortly 
after  the  consumption  of  damaged  fruit,  especially  of  the 
soup  prepared  from  the  damaged  fruit,  vomiting  sets  in; 
presently  this  subsides,  to  be  followed  three  or  four  hours 
later  by  a  recurrence  and  a  rapid  supervention  of  con- 
vulsions, coma,  and  death.  The  average  duration  of  the 
illness  is  little  over  twelve  hours.  Dr.  Scott  has  proved 
that  certain  animals  are  susceptible  to  the  poison  and 
show  2)0st  mortem  a  remarkable  fatty  degeneration  of  the 
liver  and  other  tissues,  a  condition  wliich  is  also  a  notable 
feature  in  fatal  cases  of  vomiting  sickness  in  man. 

Treatment  of  Tropical  Diseases. 

Many  recent  a,dvances  in  our  knowledge  of  the  germ 
causes  of  tropical  diseases  and  in  our  diagnostic  metliods 
have  led  to  a  more  accurate  application  of  certain  drugs 
long  recognized  as  efficacious  in  particular  types  of 
dysentery,  and  to  the  introduction  of  new  drugs  and 
methods  of  treatment  in  other  diseases.  I  can  allude  to  a 
few  only  of  these  drugs,  and  such  as  are  justly  attribut- 
able to  British  workers.  The  value  of  atoxyl  in  the  treat- 
ment' of  trypanosomiasis  was  first  indicated  by  Thomas, 
then  of  the  Liverpool  School  of  Tropical  Medicine,  and  the 
use  of  salts  of  antimony  in  the  same  disease  by  Plimmer 
and  Thomson  of  the  Lister  Institute. 

Sir  Leonard  Rogers,  following  up  Vedder's  work  on 
emetine,  introduced  this  drug  to  be  given  liypodermically 
as  a  substitute  for  ipecacuanha  in  the  treatment  of 
amoebic  dysentery  and  amoebic  hepatitis.  It  has  recently 
been  demonstrated  that  this  method  does  not,  in  many 
instances,  sterilize  the  individual  of  his  amoebae,  and  that 
many  of  these  cases  become  chronic  carriers.  Quite 
recently.  Dale,  Low,  and  Dobell  have  used  a  new  com- 
pound, emetine  bismuth  iodide,  by  the  mouth  in  such 
cases,  and  have  found  its  sterilizing  effect  on  the  amoebae 
to  be  much  greater  than  that  of  emetine  given  by  hypo- 
dermic injection.  It  is  quite  likely,  therefore,  that  the 
oral  administration  will  supplant  the  hypodermic  method 
in  the  treatment  of  the  disease  in  the  future.  Donovan 
and  other  British  physicians  have  proposed  radiothei'apy  in 
the  treatment  of  granuloma  of  the  pudenda,  and  many 
British  practitioners  in  Africa  and  the  West  Indies  have 
demonstrated  the  value  of  the  intravenous  injection  of 
salvarsan  and  other  arsenicals  in  tick  fever  and  yaws. 
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To  what  extent  has  India  contributed  to  the  advancement 
of  medical  science '? 

In  providing  an  answer  to  this  question  it  is  necessary 
to  indicate  that  Western  medicine,  even  at  the  present  day, 
is  represented  in  India  by  only  about  1,000  British  medical 
men,  the  major  part  of  whom  form  the  Indian  Medical 
Service.  One  thousand  British  doctors  in  a  land  of  over 
300  million  people  1  In  a  laud  where  plague,  pestilence, 
and  famine  are  the  crude  problems  of  everyday  life.  In 
a  land  where  tropical  heat  and  torrential  rains  sap  the 
vitality  of  the  strongest  frame  and  the  resolve  of  the 
strongest  will.  In  a  land  where  strange  diseases  lurk  in 
unsuspected  places  and  death  comes  in  a  moment  to  even 
the  most  watchful. 

To  the  teeming  millions  of  such  a  laud  this  small  service 
has,  since  the  earliest  days  of  the  East  India  Company, 
brought  the  benefits  of  Western  medical  science,  carried 
into  its  waste  places  and  most  desolate  outpo.sts  the 
standard  of  medical  progress,  and  evolved  sanitary  order 
out  of  pestilent  chaos.  It  has  established  medical  schools 
and  training  colleges,  and  has  brought  into  being  an  army 
of  Indian-born  and  Indian-taught  medical  men.  It  has 
provided  the  professorial  staff  for  the  medical  colleges, 
and  has  taught  as  well  as  practised  the  science  and  art  of 
medicine  and  surgery.  It  has  instituted  a  sanitary  service, 
and  has  laid  the  foundations  on  which  the  science  of 
tropical  sanitation  is  built.  It  has  established  hospitals 
and  dispensaries  in  every  city  and  town  in  every  district 
from  Ceylon  to  the  Pamirs,  and  has  made  it  possible  for 
twenty-eight  and  a  half  millions  of  India's  people  to  receive 
the  benefits  of  Western  medical  and  surgical  treatment  in 


a  single  year.  It  has  organized  medical  research  and 
established  research  institutions  where  problems  peculiar 
to  India  are  studied  by  competent  experts  recruited  from 
its  own  ranks.  It  has  founded  Pasteur  Institutes  for  the 
treatment  of  rabies  and  the  manufacture  on  a  large  scale 
of  iirophylactic  vaccines  and  serums.  It  has  ministered 
to  the  needs  of  India's  army  in  peace,  and  tended  to  the 
sick  and  wounded  in  her  frequent  campaigns.  It  has 
organized  the  jail  system  of  India,  and  taught  her  con- 
victs trades.  It  has  established  tropical  schools  of  medi- 
cine in  Calcutta  and  Bombay,  which  bid  fair  to  hold 
premier  rank  amongst  such  institutions  in  the  world.  All 
this  the  Indian  Medical  Service  has  done  in  the  ordinary 
discharge  of  its  duty,  and  what  more '? 

Our  knowledge  of  the  natural  sciences — botany,  zoology, 
and  geology — has  been  enriched  by  its  aid.  It  has  sifted 
from  amongst  the  mass  of  tropical  fevers  a  number  of 
definite  disease  entities,  described  their  etiology  and 
symptomatology,  and  elucidated  their  cause  or  their 
mode  of  spread.  It  has  made  important  contributions 
to  our  knowledge  of  other  diseases  of  more  universal  dis- 
tribution, discovered  the  means  of  cure  of  some  of  the 
tropics'  most  deadly  maladies ;  and,  finally,  it  has  made 
striking  additions  to  forensic  medicine  and  to  the  art  of 
surgery.  It  is  with  these,  since  they  represent  additions 
to  the  sum  total  of  medical  knowledge,  that  it  is  necessary 
to  deal,  emphasizing  the  fact,  however,  that  they  have 
been  made  during  the  performance  of  a  task  which  in 
itself  was  colossal. 

Let  us  consider,  then,  these  contributions  of  India  to 
the  medical  knowledge  of  the  world. 
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Flo. 


1. — Ano23)teleR  inacidipennis,  a  carrier 
of  malaria  in  Euroiie. 


Fig.  l.—Culexfatiuans,  the  claief 
carrier  of  elephantiasis. 


-Sitting  postures  adopted  by  mosquitos. 
A.  Anopheles  ;  b.  Culex. 


These  figures  are  reproduced  by  permission  from  Mosquitos  and  Their  Relation  to  Disease  (British  Museum— Natural 

History  Series.  No.  4),  price  Id. 


Malaria. 

The  discovery  by  Ross  that  the  plasuiodium  of  malaria 
is  conveyed  to  man  by  auopheHue  mosquitos  (Fig.  1)  ranks 
not  only  as  the  greatest  of  India's  medical  triumphs,  but 
as  one  of  the  greatest  discoveries  of  modern  times.  As  a 
result  of  this  discovery  it  is  now  possible  to  control  the 
spread  of  this  disease,  whereby  an  inestimable  benefit  has 
been  conferred  upon  mankind.  Through  it  a  great  light 
was  shed  upon  the  mode  of  spread  by  suctorial  insects  of 
other  protozoal  diseases,  by  which  light  the  problems  of 
the  propagation  of  dengue,  yellow  fever,  sleeping  sickness, 
and  other  diseases  of  the  tropics  have  reached,  or  are 
gradually  reaching,  solution.  Truly  Ross's  achievement 
was  epoch-making,  and  laid  the  foundation  on  which  the 
science  of  tropical  hygiene  is  built.  By  its  aid  some  of 
the  eart'u's  most  pestilent  places  have  been  made  habit- 
able. Witness  its  triumphs  in  the  Panama  Canal  zone,  in 
India,  iu  East  and  West  Africa,  and  in  Greece,  Italy,  and 
Egypt — triumphs  which  Ross's  discovery  alone  made 
possible. 

Ross,  whose  services  to  humanity  have  received  the 
highest  recognition  of  almost  every  country  in  the  world, 
including  the  award  of  the  Nobel  Prize,  has  been  followed 
in  India  by  others  whose  researches  have  brought  to  light 
the  important  truth  that  different  species  of  anopheles  are 
responsible  for  the  spread  of  malaria  in  different  localities, 
as,  for  example,  Noccellia  stcphensi  in  Bombay  and  Psendo- 
inijxomijia  Indlowi  in  the  Andaman  Islands.  Accurate 
studies  of  the  habits  and  breeding  places  of  different  species 
of  anopheles  have  enabled  tropical  sanitarians  to  conserve 
their  energies  to  the  destruction  of  the  responsible  mosquito 
in  each  locality. 

In  the  treatment  of  this  disease  by  quinine  the  pioneer 
work  of  Edward  Hare,  and  in  more  recent  years  of 
MacGilchrist,  must  not  be  forgotten — the  former,  by 
introducing,  in  1847,  the  practice  of  giving  quinine  without 
waiting  for  remission,  was  instrumental  in  saving  many 
lives  and  in  putting  to  an  end  the  pernicious,  and  then 
universal,  system  of  bleeding  in  this  disease  ;  the  latter,  by 
his  careful  researches  on  the  value  of  different  products  of 
quinine,  has  added  greatly  to  our  knowledge  of  its  treat- 
ment and  to  the  treatment  of  blackwater  fever.  ;  . 

Kala-azar. 
To  the  patient  researches  of  Donovan,  of  the  Indian 
Medical  Service,  the  world  owes  the  discovery  of  the 
causal  agent  of  this  malady,  and  the  recognition  of 
Licishmania  as  disease-producing  agencies.  More  recently 
J'atton  and  Mackie,  of  the  same  service,  have  brought 
forward  experimental  and  other  evidence  which  goes  far 
towards  elucidating  many  of  the  complex  problems 
connected  with  its  spread.  Younger  members  of  the 
service  have  also  added  greatly  to  our  knowledge  of  the 
epidemiology  of  this  deadly  malady. 

Other  Tropical  Fevers, 
It  was  Vandj'ke  Carter  who   in  India   worked  out  the 


origin  and  development  of  the  disease  known  as  famine 
fever,  relapsing  fever,  or  spirillum  fever;  and  Mackie  who, 
iu  more  recent  years,  discovered  that  Pedicalus  vestimen- 
torum  was  its  carrier. 

To  this  service  is  also  due  the  credit  of  having  separated 
three-day  fever  of  Chitral — now  known  as  sandfly  fever — 
and  seven-day  fever  of  Calcutta,  from  amongst  the  mass 
of  the  unclassed  fevers  of  the  tropics,  and  of  indicating  the 
sandfly  as  the  probable  source  of  spread  of  the  former 
malady,  an  indication  which  later  researches  in  other 
countries  proved  to  be  fully  justified. 

Plague. 
It  is  to  India  that  the  world  owes  its  knowledge  of  the 
role  played  by  the  rat  and  by  the  rat-flea  (Fig.  4)  in  the 
propagation  and  spread  of  bubonic  plague — discoveries 
which  were  placed  upon  the  statute  book  of  medical  pro- 
gress by  Listen  and  Banuerman  of  the  Indian  Service  and 
by  the  Indian  Plague  Commission.     As  a  result  of  these 


Fig.  4, — The  rat-Iiea  {XenopsijUa  cheovis).  a  carrier  of  plague. 

discoveries,  it  has  been  possible  to  prevent  the  spread  of 
plague  in  countries  whence  it  has  been  carried  in  ships 
and  merchandise  from  India,  Furthermore,  protection  is 
afl'orded  to  the  individual  in  plague-stricken  countries  by 
the  method  of  prophylactic  inoculation  with  killed  cul- 
tures of  the  bacillus — a  method  which  was  introduced 
at  Bombay  iu  the  year  1897  by  Haffkine  of  the  Indian 
Service. 

Cholera. 
It  is  to  India  that  the  world  owes  a  great  part  of  its 
knowledge  of  cholera,  and  the  whole  of  its  knowledge  of 
the  treatment  and  mode  of  spread  of  this  deadly  malady. 
Leonard  Rogers,  amongst  his  other  monumental  contri- 
butions to  tropical  medicine,  has,  by  his  hypertonic  saline 
treatment  of  cholera,  robbed  it  of  half  its  terrors,  and 
reduced  its  mortality  from  70  to  23  per  cent.  Greig,  by 
demonstrating  tho  cholera  vibrio  in  tin  lungs,  the  liver, 
and  other  tissues,  us  well  as  in  the  i.riue,  has  within 
tlio   last    few    years    provided    a    wealth    of    information 
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in  regard  to  the  Luman  factor  in  its  dissemination.  He 
has  shown  that  cliolera  can  no  longer  be  regarded  as 
solely  water-borne,  and  that  the  human  subject  is  the 
reservoir  and  the  carrier  of  its  infective  agent  (Fig.  5). 

To  India  also  belongs  the  honour  of  having  perfected, 
through  Haffkine,  as  early 
as  1893,  a  method  of  auti- 
choleraic  inoculation  the 
protective  value  of  wliich 
has  proved  of  the  highest 
value. 

Dysenteries, 

For  the  major  part  of 
its  knowledge  of  the  treat- 
ment of  the  dysenteries  the 
medical  profession  of  all 
lands  is  indebted  to  India. 
Buchanan's  introduction  of 
the  saline  treatment  of 
bacillary  dysentery  pro- 
vided a  weapon  of  wonder- 
ful effect  against  this  form 
of  tlie  disease  ;  and  even 
now  that  serum-therapy 
affords  a  specific  means  of 
cure  the  saline  treatment 
remains  such  a  reliable  addi- 
tion to  our  armamentarium 
as  can  ill  afford  to  be  dis- 
pensed with. 

Few  discoveries  in  the 
field  of  therapeutics  have 
been  of  such  signal  service 
to  mankind  as  that  of  the 
specific  action  of  emetine 
hydrochloride  when  admin- 
istered   hypodermically    in 

amoebic  dysentery — a  discovery  for  which  we  are  indebted 
to  Leonard  Rogers  of  the  Indian  Medical  Service.  The 
simplicity  of  this  method  of  treatment  and  the  certainty 
of  its  action  when  properly  administered  has  reduced  the 
morfality  of  this  disease  to  an  enormous  extent.  It  has 
provided  an  effective  prophylactic  measure  against  tlie 
occurrence  of  those  dangerous  complications  of  amoebic 
infections  of  the  bowel,  hepatitis  and  liver  abscess,  and  an 
efBcient  means  of  their  cure,  while  it  has  greatly  reduced 
the  necessity  for  operation 
in  amoebic  infection  of  the 
liver,  simplified  our  opera- 
tive procedures,  and  reduced 
their  risk. 


Fig.  5.— Section  of  wall  of  urinary  bladder  showing  the  cholera 
vibrio  in  the  submiicosa.  The  round  cells  infiltrating  the  sub- 
nmcosaare  also  ^hown.     (Greig  ) 
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Rabies. 
India  also,  througl 
British  medical  men, 
added  greatly  to  our  know 
ledge  of  the  Pasteur  treat- 
ment of  rabies,  and  has  im- 
proved upon  that  of  Pasteur 
himself.  In  one  of  India's 
Pasteur  Institutes  alone  as 
many  cases  are  treated  in  a 
single  year  by  these  im- 
proved methods  as  in 
whole  of  the  rest  of 
world  put  together. 


the 
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Leprosy. 
India    has    within    recent 
years  made  notable  advances 
in  the  treatment  of  her  lepers 


Fig.  6. 


The  treatment  of  leprosy  by  vaccines  (Rost).    Fii 
ment.    Fig.  7,  Atter  treatment. 


-advances  which  hold  out  the 


confident  hope  of  the  early  evolution  of  a  means  of  cure  of 
this  unclean  and  fatal  malady.     (Figs.  6  and  7.) 


Goitre  and  Cretinism. 
In  the  elucidation  of  the  mystery  which  fi'om  the  time 
of  Hippocrates  has  surrounded  the  origin  of  these  diseases 
of  the  thyroid  and  parathyroid  glands,  India  has,  within 
the  last  ten  years,  been  able  to  play  a  notable  part. 
Research  has  shown  that  intestinal  organisms  are  the 
agencies  mainly  responsible  for  their  production.  (Figs.  8, 
9,  10,  and  11.) 


TJie  Natural  Sciences. 
In  the  field  of  botanical  research   the  work  of  Hill  and 
Praiu,  to  mention  only  two  of  India's  botanists,  has  added 
greatly  to  our  knowledge  of  the  flora  of  the  tropics,  while 
Bose,  an  Indian-born  subject,  has  gained  for  himself  a  pre- 
eminent place  in  connexion 
with    his   studies   of    plant 
physiology. 

In  the  domain  of  zoology 
the  Indian  Medical  Service 
has  provided  such  authori- 
ties as  Day,  Alcock,  and 
Wall,  who  liave  greatly  en- 
riched our  knowledge  by  the 
study  of  deep  sea  fauna  and 
of  reptilia,  to  mention  but 
two  fields  of  their  activities. 
Modern  Indian  investigators 
also  have  done  much  to 
classify  and  describe  many 
new  species  of  malaria- 
bearing  and  other  mos- 
quitos;  while  such  geologists 
as  Falconer  and  MacClel- 
land  have  rendered  the 
greatest  services  in  contri- 
buting to  our  knowledge  of 
the  earth's  crust. 

Hyimotisnt. 
And  let  it  not  be  for-' 
gotten  that  even  before 
British  medical  science  had 
given  to  the  world  the  in- 
calculable blessing  of  anaes- 
thesia .lames  Esdaile,  of  the 
Indian  Medical  Service,  had 
demonstrated  the  miracu- 
lous utility  of  mesmeric  anaesthesia,  under  which  he 
performed  painlessly  hundreds  of  operations  •  of  great 
gravity.  The  use  of  ether  and  chloroform  has  over- 
shadowed F;sdai!e's  brilliant  discoveries,  but  these 
will  find  their  place  again  in  the  armamentarium 
of  the  scientific  physician  and  surgeon  of  the  future, 
and  their  application  in  the  relief  of  human  suffering 
will  go  far  to  extract  from  the  chaff  of  Christian 
Science     and     faith    healing     the     full    ears    of     wheat 

which   lie   buried   in    them. 

Surgery. 
Finally,  in  general  surgery 
the  members  of  the  Indian 
Medical  Service  and  their 
pupils  have  conferred  such 
benefits  on  the  people  of 
India  as  to  leave  one  awe- 
struck at  the  magnitude  of 
their  operative  work.  No 
less  than  1,050,000  of  India's 
peojjle  received  the  benefits 
of  surgical  treatment  in  a 
single  year.  India's  sur- 
geons have  never  departed 
from  the  teachings  of  the 
father  of  all  modern  surgery 
— Lord  Lister;  they  have 
continued  to  recognize  the 
value  and  the  place  of  anti- 
septic, as  opposed  to  aseptic 
methods,  in  the  treatment 
of  surgical  conditions  in  the 
tropics,  where  wounds  are  so  subject  to  soil  infection.  To 
them  the  surgical  lessons  of  the  present  war  have  come  as 
no  surprise,  while  they  have  long  recognized  and  practised 
the  prophylactic  use  of  antitetanic  serum  in  such  con- 
ditions as  compound  fractures  and  other  infected  wounds. 
So  much  so  is  this  the  case  that  deaths  from  tetanus  in 
Indian  hcspitals,  which  were  formerly  frequent,  have  been 
reduced  to  a  minimum. 

But  there  are  three  departments  of  surgical  practice 
in  which  Indian  surgeons  have  led  the  world,  and  in 
which  their  supremacy  is  indisputable — litliolapaxy,  oph- 
thalmologj',  and  rhinoplasty.  With  the  perfection  of 
the   first   for   the   cure    of    vesical    calculus,    the    names 


Fig.  7. 


.  6.  Before  treat- 
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of  Keegan  and  Fieyer  must  be  associated  for  all  time. 
This  procedure  liaa  led  to  the  abandonment  of  tlie  prac- 
tice of  cutting  for  stone,  and  has  added  to  tlie  art 
of  surgery   a  method  of  treatment  of  the  highest  value. 

The  methods  of  oph- 
thalmological  practice, 
especially  in  regard  to 
the  treatment  of  cataract 
and  glaucoma,  which  the 
world  owes  to  such  men 
as  Mayuard,  Herbert, 
Elliot  and  Smith,  have 
brought  to  India's  shores 
students  from  all  lands, 
and  conferred  inestim- 
able benefits  upon  man- 
kind. 

Plastic  surgery  of  the 
face  also  owes  much  to 
the  unrivalled  experience 
of  Indian  surgeons,  and 
the  methods  of  technique 
evolved  by  them  are  now 
largely  employed  by 
modern  military  sur- 
geons in  the  present  war. 
Keegan's  writings  on 
rhinoplasty  are  amongst 
the  most  important  con- 
tributions to  this  subject 
to  be  found  in  the  litera- 
ture of  modern  surgery. 

The  Present  War. 
And  in  this  conflict  of 
nations,  to  what  extent 
have  India'scontributions 
to  medical  science  aided 
in  lessening  its  terrors  and  alleviating  its  pains'?  '\^'ituess 
the  ravages  of  bacillary  and  amoebic  dysentery  in  the 
armies  of  all  belligerents,  and  the  blessings  which  the 
Indian  treatment  by  salines  and  by  emetine  have  proved 
themselves  to  be.  It  is  not  too  much  to  say  that 
thousands  of  lives  have  been  saved  by  these  means. 
It  is  to  the  emetine  treatment  of  amoebic  dysentery 
also     that     the    rarity    of     its     dreaded     sequel — liver 


emphasize   the    fact   that  it  was   Ilaffkinc's  work  in   the 
years  1893-7  which  preceded  and  inspired  research  on  the' 


propliylactic    use   of 
The   success   which 


Fig.  8. — Experiuientally  produced  congenital  goitre  in  kid  (McCarrisou) 


vaccines  against  bacterial  diseases, 
las  crowned  the  use  of  antityphoid 
inoculation  is  a  striking, 
example  of  the  far- 
reaching  effect  of  scien- 
tific iiietliods  which  had 
their  origin  in  India^ 
Witness  also  the  impor- 
tant part  which  their 
knowledge  of  the  human 
factor  in  the  spread  of 
cliolera  has  enabled 
Indian  medical  officers  to 
play  in  the  prevention  of 
outbreaks  of  cholera  ir^ 
Mesopotamia,  and  in  the 
cutting  short  of  others- 
amongst  those  who  had 
not  received  the  benefits 
of  protective  inoculation. 
And  witness  the  great 
reduction  in  the  usual 
high  rates  of  mortality 
of  cholera  amongst  those 
who  developed  the  dis- 
ease which  Rogers's 
hypertonic  saline  treat- 
ment alone  made  pos- 
sible. Relapsing  fever, 
also,  which  made  its 
appearance  amongst  the 
troops  in  the  Eastern 
Mediterranean,  was  early 
exterminated  owing  to 
our  knowledge  of  its 
mode  of  spread  by  the 
body  louse — a  knowledge  which  India  has  been  instru- 
mental in  providing.  And,  in  a  lesser  degree,  it  has  been 
possible  to  afford  the  troops  protection  against  sandfly 
fever,  which,  although  a  non-fatal  malady,  is  capable  of 
materially  reducing  the  numbers  of  effectives  in  a  suscep- 
tible community  and  of  jiredisposing  to  maladies  of  greater 
gravity. 

These    are    amongst    the    benefits    which   India    may 
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FiG;  9. — E.xperimentallj"  produced  cretinism  CMcCarrison).  A 
litter  of  three  young  rats  aged  20  days  ;  tlie  animal  in  the  centre 
is  a  cretin. 


abscess — is  to  be  attributed.  Witness  also  the  check 
which  protective  inoculation  by  vaccines  has  placed 
upon  the  spread  of  plague  and  of  cholera  in 
(iallipoli — a  method  of  protection  which  was  inaugurated 
in  India.  The  results  achieved  by  this  means  are  all  the 
more  remarkable  when  it  is  remembered  that  plague  and 
cholera  were  prevalent  amongst  the  Turks  in  the  near 
neighbourhood  of  the  allied  troops  during  the  Gallipoli 
campaign.      It   is    due    to    Indian   medical    research    to 


The  ti'eatment  of  goitre  by  autogenous  vaccines  prepared  from 
intestinal  bacteria  t.McCarrisou).  Fig.  10,  Before  treatment. 
Fig.  11.  Aiiev  treatment. 

proudly  claim  to  have  made  available  for  friends  and  foes 
alike  in  the  present  war.  Truly  her  medical  service  has 
triumphantly  borne  into  the  pestilential  places  of  the 
earth  the  standard  of  medical  progress,  and  has  em- 
blazoned on  its  folds  such  victories  over  disease  as  no  other 
country's  medical  service  can  boast.  Malaria,  tropical 
fevers,  plague,  cholera,  dysentery, liver  abscess — these  are 
amongst  its  concjucsts  ;  while  across  the  art  of  general 
surgery  and  of  ophthalmology  the  service  has  written  its 
name  in  imperishable  letters. 
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Historical  Account. 
Epidemics  of  jaundice  have  been  described  from  the 
earliest  times,  and  many  of  the  best  accounts  have  been 
.compiled  from  tlie  study  of  the  disease  in  armies  in  the 
field.  Cockayne  draws  attention  to  the  fact  that  the 
author — probably  Hippocrates — of  the  De  Internis  Affec- 
tiouibus  describes  "AXXos  (Kr€poff.  firL&i'j^Los  ovtos  KaXeerat, 
SioTi  nairav  Siprjv  eniKafijiavd.  In  1745  Cleghorn  described 
an  outbreak  of  epidemic  jaundice  in  Minorca,  and  Larrey, 
in  1800,  published  an  account  of  an  epidemic  of  jaundice 
during  the  siege  of  Cairo,  and  drew  particular  attention  to 
the  contagiousness  of  the  disease  aud  to  the  occurrence 
.of  haemorrhages  in  his  patients.  Amongst  French  writers, 
Oaanam (1846-9). Monueret(1859),  the  elder  Laveran(1865), 
liancereaux  (1882),  Landouzy  (1882),  and  Mathieu  (1886), 
Jiave  all  described  epidemic  diseases  of  varying  intensity 
in  which  jaundice  was  a  constant  feature.  Lancereaux 
described  his  cases  under  the  title  of  "  Ictere  grave 
esseutiel,"  aud  Landouzy  called  the  disease  "  Fievre 
bilieuse,"  and  Mathieu,  drawing  attention  to  the  frequent 
occurrence  of  relapses,  gave  to  his  description  tlie  title  of 
■"  Ictere  febrile  a  rechutes."  The  accounts  of  the  diseases 
described  by  these  authors  vary,  and  it  is  probable 
that  there  were  different  etiological  factors  in  each 
epidemic. 

Attention  may  be  drawn,  however,  to  certain  descriptions 
in  so  far  as  they  throw  light  upon  the  particular  type  of 
epidemic  jaundice  which  is  to  be  described  in  these  pages. 
In  1859  Carville  described  an  epidemic  in  the  garrison  at 
Gaillou,  and  gives  an  account  of  47  cases,  of  whom  11  died. 
All  developed  jaundice,  and  albuminuria  was  present  in 
.every  case.  Haemorrhages  were  common  ;  15  had  epistaxis, 
in  3  there  was  purpura,  and  in  one  haematemesis.  The 
incubation  period  was  six  days.  A  similar  epidemic  was 
described  by  Worms  in  St.  Cloud  in  May,  1865. 

Mathieu  in  1886  described  cases  of  jaundice  and  drew 
attention  to  the  fact  that  the  terra  "  catarrhal  jaundice  " 
was  an  insufficient  description,  and  claimed  that  the  fever 
general  symptoms,  enlargement  of  the  spleen  and  albumin- 
uria, justified  the  title  of  infectious  jaundice. 

AVeil  in  1886,  and  some  months  after  the  publication  of 
Mathieu's  report,  described  four  cases  of  infectious  jaundice, 
and  drew  attention  to  the  relapses  of  fever  which  occurred 
in  two  out  of  the  four  cases.  From  this  time  onwards  the 
symptom-complex  of  fever,  jaundice,  enlargement  of  the 
liver  and  spleen,  the  occurrence  of  haemorrhages,  and 
occasional  febrile  relapses,  have  been  described  under  the 
name  of  Weil's  disease.  This  last  title  has  served  the 
purpose  of  labelling  with  a  simple  name  any  disease  which 
embraced  the  signs  and  symptoms  which  we  have  just 
enumerated.  Both  historically  aud  scientifically  the  title 
is  incorrect  and  vague.  Epidemic  jaundice  was  described 
by  the  Father  of  Medicine,  and  his  disciples  in  later  years 
have  only  added  little  by  little  to  a  clinical  picture  which 
is  still  far  from  being  complete.  There  is  no  doubt  that 
there  are  many  and  different  etiological  factors  which  can 
give  rise  to  a  clinical  picture  in  which  fever,  jaundice, 
haemorrhages,  enlargement  of  the  liver  and  spleen,  and 
•relapses  of  fever  are  variously,  but  not  constantly,  present. 
In  none  of  the  descriptions  quoted  above  is  the  picture 
complete.  In  none  has  tlie  cause  ever  been  proved,  and 
■in  many  it  is  not  even  suggested.  Daring  the  last  three 
years,  however,  we  have  been  enabled  to  recognize  a  form 
■of  infectious  jaundice  in  which  the  clinical  and  pathological 
picture  is  uniform  and  constant,  and  of  which  the  cause 
lias  been  discovered  and  proved. 

In   November,  1914,  two  .lapanese  workers,  Inada  and 
Ido,  showed  the  presence  of  a  spirochaete  in  the  liver  of  a 


guinea-pig  which  had  been  inoculated  with  the  blood  of 
a  patient  suffering  from  a  form  of  infectious  jaundice. 
Some  months  later  they  proved  the  specificity  of  this 
spirochaete,  and  gave  to  it  the  name  of  Spirochaeta  ictero- 
haeynorrhagiae.  In  a  later  part  of  this  paper  the  work  of 
these  Japanese  authors  is  set  forth  in  greater  detail.  In 
the  British  and  French  armies  it  has  been  shown  con- 
clusively that  an  infectious  disease  usually  accompanied 
by  jaundice  is  caused  by  the  Spirochaeta  icterohaemor- 
rliagiae,  and  descriptions  of  the  clinical  and  pathological 
findings  have  been  published  by  Dawson  and  Hume, 
Stokes,  Ryall,  and  others  in  the  British  army ;  and  in  the 
French  army  by  Martin  and  Pettit,  Garnier  and  Reilly, 
and  Costa  and  Troisier. 

Jaundice  has  been  a  relatively  common  disorder  in  armies 
in  the  field.  In  the  Federal  troops  in  the  war  between 
North  aud  South  America  there  were  22,509  cases,  with 
161  deaths,  amongst  a  total  of  2,218,559  men.  In  1870, 
from  February  to  May.  there  were  799  cases  amongst 
33,380  men  in  the  Bavarian  troops  stationed  to  the  south- 
west of  Paris.  During  five  months  in  the  South  African 
war  there  were  5,648  cases,  with  a  small  mortality. 
We  have  been  unable  to  ascertain  the  incidence  of  cases 
of  jaundice  amongst  the  British  and  French  troops  in 
France. 

Before  we  received  the  Jaj^anese  work  we  were  able 
to  prove  that  certain  cases  of  jaundice  belonged  to  the 
enteric  group  of  diseases.  In  the  summer  and  autumn  of 
1915  our  attention  was  arrested  by  the  occurrence  of  severe 
cases  of  jaundice  in  which  there  were  high  fever,  haemor- 
rhages, enlargement  of  the  liver,  and  a  tendency  to  febrile 
relapses,  which  in  no  way  conformed  either  clinically  or 
bacteriologically  to  the  typhoid  group. 

In  the  autumn  of  1915  we  made  a  special  endeavour  to 
study  these  cases  by  collecting  them  into  a  single  hospital, 
and  the  result  of  our  work  has  been  published  in  detail  in 
the  Quarterly  Journal  of  Medicine,  October,  1916,  and 
January,  1917.  It  was  only  in  April  and  May,  1916,  that 
we  were  able  to  show  that  the  Sjiirocliaefa  icterohaemor- 
rhagiae  was  the  cause  of  this  disease,  after  we  had  read 
the  account  of  the  Japanese  work  published  in  the  Journal 
of  Experimental  Medicine, 


Clinical  Description  of  the  Disease. 
In  order  to  draw  attention  to  the  characteristic  features 
of  this  disease,  a  case  will  be  briefly  described  and  an 
account  of  the  chief  signs  and  symptoms  will  be  set 
forth  under  the  headings  of  the  various  systems  of  the 
body. 

On  August  7th,  1917,  Pte.  A.  B.  was  suddenly  seized  with 
vomiting  and  diarrhoea,  with  a  feeling  of  intense  weakness. 
For  two  davs  he  lav  in  bis  billet  with  a  temperature  of  103°  to 
104'  and  had  frequent  diarrhoeal  stools.  On  August  9th  the 
prostration  was  very  marked  and  there  was  a  considerable 
amount  of  blood  in  the  stools.  The  temperature  was  101°.  On 
August  12th  he  was  noticed  to  be  jaundiced.  Ou  August  14th 
he  had  an  attack  of  haemoptysis  and  spat  up  about  one  pint  of 
blood,  and  the  expectoration  was  blood-stained  for  the  following 
five  davs. 

Ou  admission  to  a  base  hospital  on  August  16th,  there  was 
universal  intense  jaundice  and  the  temperature  was  101.2°. 
There  was  a  scabby  mass  of  haemorrhagic  herpes  about  the 
lips.  The  tongue  was  brown  and  very  dry.  The  patient  wag 
drowsy  and  there  was  considerable  abdominal  distension  and 
discomfort.  The  initial  diarrhoea  was  followed  by  constipa- 
tion, which  necessitated  the  use  of  enemata.  There  was 
marked  tenderness  in  the  right  hypochondrium  and  the  liver 
was  enlarged  to  three  lingerbreadths  below  the  right  costal 
margin.  The  spleen  was  not  palpable.  The  red  blood  cells 
numbered  4,800,000  to  the  cubic  millimetre  and  the  haemoglobin 
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was  80  per  cent.     Tlie  white  cells  luinibered  24,000  to  the  cubic 

milHmetre  and  a  differential  count  showed  : 

Polymorphonuclear  leucocytes      ...  ...    82  per  cent. 

Lymphocytes  ...  ...  ...  ...     10         ,, 

Large  mononuclear  leucocytes       ...  ...      5        ,, 

Coarsely  f,'ranular  ooaiuoiiliile  leucocytes  ...      3        ,, 

The  urine  was  loaded  witli  bile,  and  there  was  a  si.\th  of  a 
boiled  test  tube  of  albumin  toj^etlier  with  granular  casts.  Sonic 
bile  was  escaping  into  tlio  duodenum,  as  the  stools  were  of  a 
light  brown  colour. 

There  were  crepitations  to  be  heard  over  the  lower  lobes  of 
the  lungs.  There  was  no  recurrence  of  haemoptysis  or  melaena. 
During  the  lirst  fortnight  of  the  illness  the  patient  complaineil 
much  of  pains  in  the  back  and  limbs.  On  August  20th  the 
temperature  had  fallen  to  98  to99\  though  the  jaundice  was  still 
intense.  On  August  26th  the  jaundice  was  rapidly  fading,  and 
on  this  day  spirocbaetes  were  found  in  the  urine  in  large 
numbers.  During  the  ne.xt  live  days  the  general  condition  of 
the  patient  improved  so  much  that  he  was  sent  to  England  on 
August  31st.  There  was  no  secondary  rise  of  fever  while  the 
patient  was  in  France. 

Such  is  the  usual  liistory  of  a  case  of  moderate  severity, 
and  the  noteworthy  features  are  the  following  :  A  sudden 
onset  with  gastro-intestinal  symptoms  and  high  fever,  the 
marked  prostration,  the  occurrence  of  melaena  and  haemo- 
ptysis, the  presence  of  haemorrhagic  herpes,  the  appear- 
ance of  jaundice  on  the  fifth  day,  the  fall  of  temperature 
at  the  end  of  eleven  days,  and  the  finding  of  typical 
spirochaetes  in  the  urine. 

General  FE.iTDREs  of  the  Dise.\se. 

The  Onset. — The  patient  has  almost  invariably  been 
attacked  by  the  disease  either  in  the  trenches  or  immedi- 
ately after  having  left  them.  The  onset  is  usually  sudden, 
with  shivering,  pains  in  the  head  and  particularly  behind 
the  eyes,  generalized  pains,  and  a  feeling  of  extreme 
prostration.  So  sudden  is  the  onset  that  the  patient  can 
frequently  point  to  an  exact  moment  when  he  finds 
himself  overcome;  as  one  said,  he  "fell  out  very  weak  " 
on  the  march ;  or  in  another  instance,  he  "  suddenly 
collapsed  at  church  parade."  At  the  time  of  reporting 
sick  the  temperature  is  raised  to  103-  to  ]05"  and  the 
pulse  rate  is  about  100  per  minute.  During  the  first  two 
or  three  days  before  the  appearance  of  jaundice  there 
are  vomiting,  great  prostration  and  lassitude,  with 
abdominal  and  muscular  pains.  The  conjunctivae  are 
injected,  and  herpes,  which  rapidly  becomes  haemorrhagic, 
appears  on  the  lips. 

Gastro-intestinal. — A  dirty,  brown  tongue  and  anorexia 
is  common  to  all ;  constipation  is  the  rule,  and  it  is  only 
rarely  that  there  is  diarrhoea  at  the  onset,  as  in  the  case 
described  above.  The  constipation  is  usually  extreme  and 
has  to  be  relieved  by  enemata.  The  stools  may  become 
clay-coloured,  though  in  most  cases  the  presence  of  a  small 
quantity  of  bile  gives  the  stool  a  light-brown  coloration. 
Usually  there  is  considerable  abdominal  tenderness,  which 
is  more  marked  in  the  upper  than  in  the  lower  abdomen. 
Though  vomiting  is  usual  at  the  onset,  it  generally  ceases 
before  the  patient  reaches  a  base  hospital,  on  the  sixth  to 
eighth  day  of  the  disease.  Hiccough  was  occasionally 
present  in  very  severe  or  fatal  cases.  Melaena  sometimes 
occurred  in  patients  with  diarrhoea. 

The  liver  is  frequently  enlarged  to  the  extent  of  three 
fingers'  to  a  hand's  breadth  below  the  right  costal  margin 
and  the  tissues  covering  it  are  usually  very  sensitive  and 
tender. 

The  spleen  has  only  been  palpable  on  two  occasions  in 
our  experience.  From  observation  at  operation  and  from 
the  size  of  the  organ  a.t  post-mortem  examination  it  seems 
certain  that  the  spleen  is  very  rarely  sufficiently  en- 
larged to  be  palpable. 

The  superficial  lymphatic  glands  are  frequently  palpable 
in  the  axillae  and  groins. 

Haemorrhaf/es. — Out  of  eighteen  severe  cases  under 
our  care,  fourteen  had  haemorrliages.  Haematemesis 
occurred  in  four  and  haemoptysis  in  six.  Epistaxis  was 
considerable  in  four  cases  and  slight  in  two  cases. 
Melaena  was  observed  in  three  instances  and  in  three 
there  was  a  marked  purpuric  eruption  in  the  skin.  In 
one  patient  there  were  epistaxis,  haemoptysis,  and 
melaena. 

TJie  Sliin. — The  jaundice  usually  appears  about  the 
fourth  day  of  disease  and  gradually  deepens  up  to  the 
eighth  or  ninth  day  and  then  fades.  In  some  cases  it  is 
very  intense  and  the  skin  takes  the  greenish  hue  met  with 
in  complete  obstruction  of  tlie  common  bile  duct.  Herpes 
labialis,  which  is  haemorrhagic,  occurs  in  at  least  40  per 


cent,  of  all  cases.  Pruritus  is  rarely  intense,  thouglr 
patients  frequently  complain  of  some  itching.  The  con- 
junctivae are  often  injected  and  the  eyeballs  arc  tender. 

Tlie  Circiilnlori/  Si/sleiii. — The  rate  of  the  heart  doeS' 
not  increase  in  proportion  to  the  rise  of  temperatures,  and 
in  severe  cases  with  a  temperature  of  104  to  IDS''  tlic- 
pulse-rate  may  be  only  100  per  minute.  The  rhytlim  of 
the  heart  is  not  usually  affe<:tcd,  o.Kcept  in  one  patient,  in 
whom  auricular  fibrillation,  of  wliich  records  were 
obtained,  persisted  for  five  days.  The  size  and  sounds  of 
the  heart  are  perfectly  normal.  The  blood  pressure  never 
falls  as  it  does  in  the  enteric  group  of  diseases,  and  the 
systolic  pressure  ranges  about  120  mm.  of  mercury.  The 
qualitative  changes  in  the  peripheral  blood  will  be  describod- 
in  the  section  on  clinical  pathology. 

The  Respiratorij  Si/steiu. — In  all  severe  cases  there  are 
the  evidences  of  an  acute  bronchitis,  but  we  have  never 
discovered  any  signs  pointing  to  bronchopneumonia  or 
lobar  pneumonia.  Reference  has  already  been  made  to 
the  occurrence  of  haemoptysis  and  rusty  sputum.  The 
respiratory  rate  may  be  increased  to  28  or  30  per  minute 
in  severe  cases,  and  in  fatal  cases  the  type  of  breathing  is 
that  met  with  in  cases  of  cliolaemia  and  uraemia. 

Tlie  Nerrous  Si/stcin. — p'rontal  headache  and  achin".. 
behind  the  eyeballs  is  a  constant  complaint,  and  is  little 
relieved  by  antipyretics.  The  early  weakness  and  prostra- 
tion are  very  characteristic  of  this  disease.  In  our  fatal 
cases  twitchings  and  convulsions  preceded  the  coma  in 
which  the  patients  died.  In  many  cases  the  muscular 
pains  are  very  intense,  and  the  wljole  body  is  so  sensitive 
that  the  patient  cannot  bear  any  pressure  upon  it.  One- 
patient  complained  of  xauthopsia. 

The  Urinary  System. — Three  of  our  patients  had  reten- 
tion of  urine,  which  required  the  use  of  the  catheter  for' 
two  or  three  days.  The  cause  of  this  disability  probably 
lay  in  the  central  nervous  system.  The  urine  usually 
contains  a  large  quantity  of  bile,  which  sometimes  gives  it 
a  dark  porter  colour.  The  bile  does  not  usually  disappear 
from  the  urine  till  the  end  of  the  fourth  or  fifth  week. 
Albumin  can  nearly  always  be  detected  by  the  boiling, 
method.  In  more  severe  cases,  after  heating  in  a  test 
tube  and  allowing  it  to  stand  for  twenty-four  hours,  the- 
albuminous  deposit  amounts  to  one-sixth  of  the  boiled  test 
tube.  Casts,  hyaline  and  granular,  are  frequently  found 
without  centrifugalization,  and  at  times  free  blood  cells - 
are  seen  in  the  deposit.  The  presence  of  reducing  sugar 
was  never  detected,  though  acetone  is  said  by  others  to 
occur  in  cholaemic  cases,  probably  the  result  of  starvation. 
The  chemistry  of  the  urine  has  been  fully  worked  out  in 
this  di-sease  by  certain  French  authors,  who  lay  considerable 
stress  on  the  evidences  of  renal  insufficiency. 

The  Fever. — The  initial  rise  of  temperature  to  103"  or  105- 
has  already  been  noted,  and  during  the  first  twelve  or 
fourteen  days  there  is  an  irregular  range  of  temperature 
between  100-  and  103  ,  which  gradually  falls  by  lysis  to 
normal  or  subnormal.  After  the  fall  the  temperature  may 
be  subnormal  for  two  to  three  days.     After  this,  in  some- 
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cases  about  the  beginning  of  the  third  week,  there  is  a 
secondary  ri.se  of  temperature,  which  lasts  for  ten  to 
fifteen  days.  During  this  period  of  secondarj-  fever  there 
are  usually  no  evidences  of  exacerbation  of  symptoms, 
and  it  is  difficult  to  account  for  its  occurrence.  In  those 
cases  in  whom  there  is  no  secondary  fever  the  temperature 
may  swing  about  99  for  a  week  or  more  before  finally 
settling  to  the  normal.  Chart  I  shows  a  characteristic- 
fever  of  relapse. 
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Course  of  the  Disease. — The  fii'st  three  or  four  days  have 
ibeen  described  in  tlie  section  on  the  onset  of  the  disease. 
The  jaundice,  which  has  apiseared  about  the  fourth  day, 
gradually  increases,  and  is  most  intense  about  the  tenth 
to  twelfth  day.  It  is  then  that  the  temperature  falls  to 
normal.  In  uncomplicated  cases  the  patient  begins  to 
improve  and  th-:;  jaundice  begins  to  disappear  at  the  end 
of  the  second  week.  Between  the  third  and  fourth  weeks 
convalescence  has  become  established.  The  whole  disease 
is  more  protracted  in  severe  cases,  and  convalescence  may 
not  begin  until  the  end  of  the  fourtli  week.  As  far  as  we 
know,  the  disease  leaves  behind  it  no  untoward  symptoms. 

The  following  is  an  account  of  a  fatal  case : 

Pte.  C.  D.  was  taken  ill  with  a  sudden  chill  and  shiver- 
ing on  December  16th.  He  had  to  take  to  his  bed,  and 
■complained  of  headache,  nausea,  and  pains  in  both  thighs. 
He  frequently  felt  chilly  and  had  pain  in  the  epigastrium. 
'On  December  21st  he  became  jaundiced.  On  this  day  no 
abnormal  physical  signs  could  be  detected  in  any  of  the 
systems,  except  some  epigastric  tenderness,  jaundice,  and 
a  haemorrhagic  herpetic  eruption  on  the  lips.  Vomiting 
had  been  occasional  from  the  onset  of  the  illness,  and  at 
the  end  of  the  first  week  nothing  could  be  retained  in  the 
stomach.  After  the  seventh  day  the  jaundice  steadily 
.deepened  and  the  urine  was  loaded  with  bile  and  contained 
one-sixth  of  a  boiled  test  tube  of  albumin.  The  stools  were 
liquid  and  of  a  pale  yellow  colour. 

Except  on  the  first  day  of  admission  to  a  base  hospital 
(fourth  day  of  disease),  when  the  temperature  was  101"-, 
there  was  no  P3'rexia,  and  both  the  pulse  and  respiration 
rates  fell,  to  60  and  16  respectively.  There  was  consider- 
able tenderness  of  the  upper  abdomen  and  the  muscles 
were  slightly  rigid.  The  liver  was  enlarged  and  the  edge 
extended  three  tingerbreadths  below  the  costal  margin. 
The  spleen  was  not  palpable.  An  examination  of  the  blood 
showed  34,100  white  cells  per  cubic  millimetre,  and  the 
differential  count  was : 

Polymorpliouuclear  leucocytes        ...    93  per  cent. 
Lymphocytes  ...  ...  ...      6 

Large  mononuclear  leucocytes         ...       1         ,, 

A  culture  made  from  the  urine  was  sterile.  The  faeces 
showed  some  blood,  but  no  parasites,  no  ova,  and  no 
.organisms  of  the  enteric  group  were  detected. 

In  the  forenoon  of  December  29th  some  twitching  of  the 
face  and  arms  was  noticed,  and  about  <an  hour  later  the 
patient  had  a  general  tonic,  followed  by  a  clonic,  convulsion. 
The  patient  died  one  hour  after  this  convulsion.  The  most 
noteworthy  lesions  at  the  post-tnorlein  examination  were 
subendocardial,  subpleural,  and  subperitoneal  haemor- 
■i-hages  and  large  extravasations  of  blood  into  both  lungs, 
like  infarcts. 

Prognosis. 

Most  cases  recover  fully,  and  we  would  estimate  that 
the  mortality  is  not  more  than  4  to  5  per  cent. 

Tre.\tment. 
Thus  far  the  treatment  has  been  purely  symptomatic. 
During  the  febrile  period  the  patient  is  encouraged  to 
•drink  large  quantities  of  fluid,  and  an  alkaline  mixture 
is  usually  exhibited.  Constipation  is  combated  either  by 
saline  purges  or  by  enemata.  Salvarsan  has  been  tried, 
but  it  is  of  no  avail.  We  believe  that  the  serum  of 
convalescent  patients  has  been  injected  into  the  blood 
stream  of  severe  cases,  but  the  results  of  this  method  of 
treatment  are  not  in  our  possession.  An  antiserum  has 
been  prepared  and  is  available  for  use  in  the  army. 

DiFFEEENTI.iL    DIAGNOSIS. 

The  role  of  the  Sirirocliaein  icteroliaemorrhafjiae  in  this 
■disease  is  discussed  at  some  length,  and  the  proof  that  it  is 
the  causal  agent  is  established  in  a  later  part  of  this  paper. 
We  may  anticipate  by  here  stating  (1)  that  the  spirochaete 
may  be  found  in  the  human  peripheral  blood  stream; 
(2)  that  injection  of  infected  human  blood  into  the  peri- 
toneal cavity  of  the  guinea-pig  may  produce  a  character- 
istic fatal  ilhiess  iu  that  animal,  in  whose  tissues  j)o.si 
vwrteiii  the  spirochaetes  are  present  in  large  numbers;  (3) 
th.at  after  the  first  fortnight  of  the  disease  the  spirochaete 
may  be  found  in  the  patient's  urine. 

In  the  early  stages  of  this  disease  the  most  rapid  and  the 
most  certain  criterion  iu  diagnosis  lies  in  the  discovery  of 
-the  spirochaete  iu  the  peripheral  blood  stream.  As  the 
incubation  period  of  the  disease  iu  the  guinea-pig  is  at 
jleast  six  days,  it  would  require  a  wait  of  at  least  eight 


days  before  the  development  of  the  disease  in  the  guinea- 
pig  could  establish  the  diagnosis.  After  the  second  week 
of  illness  the  discovery  of  the  spirochaete  in  the  urine  is 
sufficient  evidence  of  the  disease.  These  various  criteria 
presuppose  the  employment  of  complete  bacteriological 
equipment  in  the  hands  of  experienced  observers.  Tliese 
are  not  always  at  hand,  and  reliance  has  to  be  placed 
on  the  correct  interpretation  of  the  clinical  signs  and 
symptoms.  The  sudden  onset  with  headache,  generalized 
pains,  and  a  sense  of  utter  exhaustion,  vomiting,  con- 
junctival congestion,  herpes  labialis,  and  a  temperature 
of  103  '  to  104-',  with  jaundice  appearing  on  the  fourth  or 
fifth  day,  make  the  diagnosis  of  spiroohaetosis  ictero- 
haemorrhagica  almost  certain. 

In  France  the  chief  causes  of  jaundice  have  been  the 
Spirochaeta  icterohaemorrhac)i.ae,  and  members  of  the 
enteric  group  of  organisms.  .Jaundice  in  typhoid  or  para- 
typhoid fever  usually  appears  about  the  end  of  the  second 
week.  There  are  cases,  however,  of  paratyphoid  fever  in 
which  the  jaundice  appears  as  early  as  it  does  in  spiro- 
ohaetosis icterohaemorrhagica.  The  difficulty  in  diagnosis 
is  then  considerable.  At  the  end  of  the  first  week  help  can 
be  obtained  in  differentiating  the  two  diseases  by  means 
of  the  atropine  test.  This  test  was  introduced  iu  the 
diagnosis  of  typhoid  fever  by  Captain  H.  F.  Marris,  R.  A.M.C. 
One- thirtieth  of  a  grain  of  atropine  sulphate  is  adminis- 
tered liypodermically,  and  the  increase  of  pulse  rate  is 
recorded  every  minute  for  the  following  hour.  If  the  rate 
of  the  heart  only  increases  by  ten  beats  or  less,  this 
is  evidence  that  the  patient  is  suffering  from  typhoid 
or  paratyphoid  fever.  It  is  important  to  bear  in  mind  that 
the  rate  of  the  heart  before  the  injection  must  not  be 
above  80  to  85  per  minute.  If  the  rate  increases  from 
100  to  110  or  115  after  the  injection  of  atropine  sulphate 
it  is  impossible  to  be  certain  whether  the  escape  of  10  to 
15  beats  indicates  a  positive  or  negative  result.  It  is  rare 
that  the  organism  can  be  isolated  from  the  blood  in  the 
prevailing  enteric  group  of  diseases.  In  inoculated  patients 
it  is  necessary  to  trace  the  agglutination  curve  from  three 
to  four  readings.  This  means  a  delay  of  at  least  fourteen 
days  after  the  first  sample  of  blood  has  been  taken. 

Apart  from  these  specific  methods  of  differential 
diagnosis  or  the  presence  of  a  typical  clinical  picture  there 
can  be  mere  speculation. 

Spirocliaetal  Infection  ivithout  Jaundice. 

It  is  almost  certain  that  many  cases  of  "  P.U.O."  in 
France  have  been  due  to  the  Spirochaeta  icteroliaemor- 
rliagiae,  and  in  the  absence  of  jaundice  the  difficulty  in 
diagnosis  may  be  great.  It  is  becoming  more  generally 
recognized  that  this  sjfcne  spirochaete  may  give  rise  to 
a  clinical  picture  iu  which  there  is  an  absence  of  jaundice. 
The  following  case  illustrates  this  point. 

Sudden  onset  with  body  pains,  frontal  headache,  photo- 
phobia, and  vomiting.  Temperature  on  the  first  day  104°, 
pulse  100,  and  the  patient  was  very  ill.  The  conjunctivae 
were  injected ;  herpes  labialis  was  present,  the  spleen  was 
not  palpable :  the  urine  showed  on  floating  a  thick  cloud 
of  albumin,  but  no  bile.  Bilious  vomiting  was  persistent 
for  several  days. 

By  the  fourteenth  day  the  patient  appeared  convalescent, 
but  on  the  twentieth  day  there  was  a  return  of  fever  and 
pains,  which  lasted  for  five  days.  After  this  recovery  was 
slow,  but  continuous.  Nine  weeks  after  the  onset  spiro- 
chaetes were  still  present  in  the  urine,  though  health  was 
nearly  re-established.  At  no  time  was  there  jaundice  or 
bile  pigment  in  the  urine. 

On  the  third  day  of  illness  2J  c.cm.  of  the  patient's 
blood  were  injected  into  the  peritoneal  cavity  of  a  guinea- 
pig,  which  subsequently  developed  jaundice,  and  after 
death  spirochaetes  were  to  be  seen  in  the  sections  of  its 
liver. 

For  most  of  this  record  we  are  indebted  to  Captain  H. 
Carson,  R.A.M.C. 

Costa  and  Troisier  have  shown  that  in  certain  cases 
which  present  meningeal  symptoms  the  cerebro-spinal 
fluid  produces  the  characteristic  disease  in  the  guinea-pig. 
It  is  therefore  necessary  to  bear  this  fact  iu  mind  iu  the 
elucidation  of  any  case  of  fever  presenting  pronounced 
meningeal  signs  and  symptoms. 

It  is  unnecessary  to  pursue  the  differentiation  of  this 
disease  with  jaundice  from  the  common  affections  of  the 
biliary  system  associated  with  jaundice.  Nor  is  it 
necessary  to  mention  the  various  febrile  diseases   which 
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Fig.  1.— Section  of  liver  from  a  case  of  spiroohaeial  jaundice.  Ttie  liver  cells  and 
tlieiv  arrangement  appear  normal.  -  It  shows  biliary  stasis  and  collections  of  cells 
in  the  portal  areas. 


Fig.  2.— Section  from  the  same  liver  as  Fig.  1. 
(High  power.) 
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Fig.  3.— Spirochaetes  in  the  blood  of  a  guinea-pis  experimentally 
infected. 


Fig.  4. — Section  of  liver  from  a  case  of  spirochaetal  jaundice. 
Showing  dissociation  of  cells. 
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might  be  confused  with  spii'oohaetosis  ictei'ohaemorrliagica 
bjfore  the  development  of  jaundice,  or  with  tliat  type  of 
the  infection  in  wliich  jaundice  is  altogethei-  absent. 

Clinical  Pathology. 

Apart  from  the  finding  of  the  spirochaete  in  the  blood 
stream  and  the  injection  of  infected  blood  into  the 
guinea-pig,  which  are  discussed  below,  examination  of  the 
peripheral  blood  reveals  the  following  departures  from  the 
normal  state.  In  all  severe  cases  there  is  a  slight  anaemia, 
the  average  red  cell  count  being  4  to  4i  million  per  c.mm., 
and  the  haemoglobin  percentage  is  reduced  to  80  to  90 
per  cent.  Some  cases  become  very  anaemic,  and  in  one 
case  the  red  cells  numbered  2h  million  per  c.mm.  There 
is  invariably  a  leucocj'tosis,  amounting  in  some  cases  to 
25,000  per  c.mm.  Differential  counts  show  a  relative 
increase  of  the  polymorphonuclear  leucocytes  to  75  to  80 
per  cent. 

The  fragility  of  the  red  cells  has  been  frequently  tested 
and  is  found  to  be  either  normal  or  sliglitly  diminished. 
No  abnormal  red  cells  have  ever  been  detected.  It  is 
certain,  therefore,  that  the  jaundice  is  not  of  haemolytic 
origin. 

As  there  was  evidence  that  the  jaundice  was  due  to 
some  obstruction  in  the  biliary  passages,  and  as  tlie  post- 
mortem examination  on  two  cases  suggested  an  inflamma- 
tion of  the  duodenum,  attempts  were  made  on  many 
occasions  to  siphon  off  the  duodenal  contents  by  means 
of  an  Einhorn  tube.  Though  no  spirochaete  was  ever 
detected  in  the  fluid  so  obtained,  the  finding  of  catarrhal 
cells  in  large  numbers  suggested  the  presence  of  a 
duodenitis  in  some  cases. 

Many  of  our  cases  in  whom  the  spirochaete  was  dis- 
covered were  investigated  thoroughly  from  the  point  of 
view  of  the  enteric  group.  The  examinations  were  always 
negative,  both  from  blood   culture  and  from  a  study  of  the 


Morbid  Anatomy. 

The  opportunities  of  jxist-morfeiii  examination  have 
been  few,  and  the  following  account  is  based  on  four  cases 
in  our  own  series  and  the  accounts  of  four  post-mortem 
examinations  described  by  Captain  Stokes  and  others. 
Six  patients  died  on  the  ninth,  twelfth,  thirteenth, 
fourteenth,  seventeenth,  and  twenty-eighth  days  respec- 
tively, and  one  patient,  in  wdiom  the  date  of  onset  was 
doubtful,  died  on  tlie  fourth  day  after  admission  to  a 
casualty  clearing  station. 

All  the  bodies  were  deeply  jaundiced  with  the  exception 
of  the  case  who  had  died  on  the  twenty-eighth  day. 

The  Stomach  and  Intestines. — As  the  jaundice  in  these 
cases  appeared  to  be  of  the  obstructive  type,  special  atten- 
tion was  given  to  the  condition  of  the  duodenum,  and  in 
three  of  our  cases  the  appearances  pointed  to  a  duodenitis. 
The  mucous  membrane  was  of  a  bluish-red  colour,  and  the 
Brunner's  glands  appeared  through  the  mucous  membrane 
as  small  yellow,  opaque  areas,  from  the  size  of  a  pinhead 
to  that  of  a  split  pea.  The  whole  of  the  mucous  mem- 
brane had  a  swollen,  watery  appearance.  In  these  cases 
the  area  round  the  ampulla  of  Vater  seemed  to  be  par- 
ticularly affected.  Other  cases  did  not  show  this  same 
duodenal  condition,  and  microscopic  examination  did  not 
give  any  evidence  of  recent  or  old  inflammation. 

In  one  case  there  was  a  considerable  submucous  haemor- 
rhage in  the  stomach,  and  in  another  a  polypoid  condition 
of  the  mucous  membrane  at  the  pyloric  end.  Scattered 
subperitoneal  haemorrhages  were  commonly  found  over 
the  small  intestine.  No  noteworthy  lesions  were  discovered 
in  the  mucous  membrane  of  the  small  or  large  intestine  in 
any  other  case.  The  omental  glands  were  usually  enlarged. 

The  Liver  and  Bile  Passages. — Particular  attention  has 
been  given  to  the  naked  eye  and  microscopic  appearances 
of  the  larger  bile  passages.  These  were  normal  in  appear- 
ance and  showed  no  evidence  of  inflammation  except  in 
the  last  half-inch  of  the  common  duct  lying  within  the 
duodenal  wall.  This  was  swollen  and  of  bluish  colour  in 
resemblance  to  the  duodenal  mucous  membrane.  In  one 
instance  a  probe  passed  along  the  common  duct  into  the 
duodenum  dislodged  a  formed  plug  which  was  impacted 
in  the  ampulla.  A  film  made  from  this  plug  showed 
numerous  epithelial  cell  nuclei  embedded  in  a  matrix  of 
mucin. 

In  all  cases  the  liver  to  the  naked  eye  was  normal  in 
lattern  and  texture,  though  sometimes  altered  in  colour, 


due  to  bile  stasis.  Microscopically  its  appearances  varied. 
In  one  group  the  cells  of  the  lobules  were  natural  in 
arrangement  and  appearance,  and,  apart  from  evidences 
of  biliary  stasis,  the  only  abnormal  feature  was  the 
presence  of  collections  of  cells  in  the  portal  areas,  sucli; 
as  occur  in  other  diseases.  (Figs.  1  and  2.)  In  another 
group  the  liver  cells  were  dissociated  (Fig.  4),  and  mauy 
were  markedly  enlarged  and  contained  well-stained  nuclei. 
Collections  of  such  hyperti-ophied  cells,  with  clear  pale- 
protoplasm,  appeared,  especially  just  beneath  the  capsule. 
Many  liver  cells  contained  two  nuclei,  and  mitoses  were 
numerous.  Staining  with  Sudan  III  showed  a  very  little- 
fat,  in  the  form  of  fine  droplets,  which  were  partly  within 
the  endothelium  (Kupffer's  cells). 

The  sum  of  these  changes  suggests  the  effect  of  damage- 
which  has  been  insufficient  to  cause  extensive  necrosis, 
but  has  acted  as  a  stimulant  to  cell  growth.  In  addition, 
the  portal  areas  show  collections  of  small  mononuclear 
cells  and  polymorphs,  and  towards  the  centres  of  the 
lobules  both  intracellular  and  extracellular  granules  and 
masses  of  pigment  were  found.  These  microscopic  clianges. 
reseujble  those  described  by  Beitzke  and  Herxheimer. 

In  one  case  there  were  only  slight  changes — namely, 
variations  in  the  sizes  of  the  nuclei,  a  few  mitoses,  vacuo- 
lation  of  the  central  cells  of  the  lobules,  and  in  one  place 
a  hepatic  venule  was  filled  with  a  mass  of  dissociated 
liver  cells  mingled  with  red  blood  corpuscles.  A  film  made 
from  a  scraping  of  this  liver  showed  one  characteristic- 
spirochaete.  Stokes  in  two  cases  describes  an  exudation 
of  cells  into  the  interstitial  tissue  surrounding  the  smaller 
bile  ducts.  He  detected  leucocytes  lying  "  between  the 
liver  columns,  and  usually  between  the  vessels." 

Tlte  Kidnei/s. — Stokes  described  the  lesions  in  the 
kidneys  under  three  headings :  (1)  Swelling  and  granular 
degeneration  of  the  tubular  epithelium,  particularl}-  of  the 
proximal  convoluted  tubules  and  the  ascending  loops  of 
Henlo  ;  (2)  an  exudation  of  polymorphonuclear  leucocytes 
between  the  tubules  and,  more  rarely,  within  them  ; 
(3)  haemorrhages  into  the  lumen  of  the  tubules  in  poorly- 
defined  patches. 

The  glomeruli  showed  no  changes  in  particular. 

TJie  Spleen. — In  no  case  was  there  any  enlargement  or 
any  sign  of  involvement  of  this  organ.  This  harmonizes 
with  the  clinical  observation  that  the  spleen  is  not  usually- 
enlarged  in  this  disease. 

Th?  j)ancreas  V(a.ii  firm  and  to  naked  eye  and  microscopic; 
examination  was  perfectly  normal. 

Tlie  Lungs. — In  all  our  cases  there  were  haemorrhage.'} 
in  the  lungs,  in  two  cases  reaching  the  size  and  consistence 
which  is  met  with  in  cases  of  mitral  stenosis.  Tliere  was 
nothing  noteworthy  in  any  of  the  other  organs  of  the  body, 
Stokes  showed  the  presence  of  the  spirocliaete  in  the 
kidney  in  one  of  his  cases.  In  no  other  morbid  human 
tissue  has  he  or  have  we  been  able  to  detect  it. 

EXPERIMENTAL  PATHOLOGY. 
I.  Historical. 
It  is  to  the  .Japanese  workers  Inada  and  Ido  that  we  owe 
the  discovery  of  the  Spirochaeta  icterohaemorrhagiae.  In 
November,  1914,  they  announced  the  discovery  of  a  spiro- 
chaete in  the  liver  of  a  guinea-pig  which  had  developed 
jaundice  and  died  as  the  rcsnlt  of  the  inoculation  of  blood 
from  a  case  of  jaundice,  epidemics  of  which  they  were 
investigating  in  conjunction  with  Hoki,  Kaneko,  Ito,  and 
Matsuzaki.  This  finding  they  were  able  to  repeat,  the 
spirochaete  being  found  in  the  liver  and  blood  of  the 
infected  animals  in  large  numbers.  The  infection  was 
shown  to  be  transmissible  from  animal  to  animal.  Later 
these  Japanese  workers  were  able  to  demonstrate  the 
specificity  of  this  spirochaete,  the  finding  of  it  in  the 
patient's  blood  in  six  cases,  in  the  tissues  in  two  fatal 
cases,  and  the  discovery  of  protective  substances  against 
it  in  the  serum  of  patients  recovering  from  the  disease 
putting  this  question  beyond  doubt.  Similar  findings  were 
announced  by  the  German  workers  Hlibener  and  Reiter, 
Uhlenhuth  a/aA  Fronime.  and  Bietzke,  obtained  by  them 
during  investigations  of  the  jaundice  epidemic  amongst 
their  troops.  No  mention,  however,  is  made  by  them  of 
the  Japanese  work.  The  researches  of  Stokes,  Ryle  and 
Tytler,  Dawson  and  Hume,  on  the  British  front,  and  later 
those  of  Martin  and  Pettit,  Garnier  and  Reilly,  Costa  and 
Troisier  in  the  French  army,  have  shown  that  a  similar 
type  of  jaundice  is  epidemic  on  the  Western  front,  findings 
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correspomling  with  those   of   the   .Tapauosc   liaving   been 
obtained. 

II.    EXPKRIMKNTAL    INOCULATION. 

Attempts  to  repi'oducc  tbis  condition  in  animals  have 
shown  that  the  f^uiuea-pif<  in  tlio  animal  o£  choice,  the 
monkey  and  rabbit  being  more  or  loss  immune,  whilst  tho 
mouse  and  white  rat  occujiy  an  intermediate  position. 
The  guinea  pig  can  be  infected  by  tlie  intraperitoneal 
injection  of  the  patient's  blood  or  urine.  In  the  case  of 
blood,  success  can  only  be  looked  for  with  any  degree 
of  certainty  if  it  is  taken  early  in  the  disease — fourth 
or  fifth  day — and  thougb  the  blood  may  still  be  infective 
as  late  as  the  seventh,  eighth,  or  ninth  day,  later  than 
that  period  the  results  are  almost  always  negative.  The 
intraperitoneal  injection  of  3  to  5  c.cm.  of  blood  gives  the 
most  satisfactory  results.  As  regards  the  infectivity  of 
the  urine  for  the  guinea-pig,  some  difference  of  opinion 
seems  to  exist.  The  Japanese  authors  claim  that  the 
patient's  urine  is  infectious  for  the  animal  early  in  the 
disease,  and  as  in  the  case  of  tho  blood,  this  diminishes 
as  tlie  disease  progresses.  Tliey  have,  however,  had 
positive  results  as  late  as  the  twenty  first  day.  On  the 
other  hand,  Garnier  and  Reilly  claim  that  it  is  only  from 
the  tenth  to  eleventh  day  onwards  that  the  urine  is 
capable  of  infecting  the  guinea-pig,  that  is  to  say,  from 
the  time  the  spirocbaete  can  first  be  demonstrated  in  the 
urine  microscopically,  and  that  earlier  in  the  disease  the 
results  of  their  experiments  have  been  consistently 
negative.  Stokes's  attempts  in  this  direction  were  on 
no  single  occasion  attended  with  success,  despite  the 
fact  that  the  centrifugalized  deposit  from  large  quan- 
tities of  urine  was  employed  and  the  attempts  were 
made  at  various  periods  of  the  disease.  Our  experiments, 
though  few  in  number,  were  negative. 

The  Disease  in  the  Gui7iea-pig. 
The  disease  in  the  guinea-pig  is  characterized  by 
jaundice,  haemorrhages,  conjunctival  congestiou,  albu- 
minuria, and  pyrexia.  It  is  nearly  always  fatal.  The 
incubation  period  in  the  animals  injected  with  the  patient's 
blood  is  somewhat  variable — from  si.x  to  thirteen  days. 
Stokes  quotes  a  case  in  which  it  would  appear  to  have 
been  as  long  as  eighty-six  days.  After  several  passages  of 
a  strain  the  incubation  period  is  gradually  reduced  until 
it  reaches  a  point  where  it  remains  more  or  less  constant, 
between  four  and  five  days.  The  mode  of  inoculation 
naturally  affects  the  incubation  period,  it  being  longer 
when  the  infectious  material  is  injected  subcutaneously. 
The  disease  is  ushered  in  by  a  sharp  rise  in  temperature, 
the  animal  is  quiet  and  refuses  to  eat.  A  tonperature  of 
103°  F.  is  the  rule,  though  it  may  rise  to  as  much  as  106"  F. 
Jaundice  appears  when  the  temperature  has  reached  its 
maximum,  the  animal  becomes  more  acutely  ill,  and 
usually  twenty-four  hours  after  its  appearance  we  have  a 
fall  of  temperature  to  subnormal,  collapse,  and  death. 
Spirochaetes  appear  in  the  blood  with  the  onset  of  pyrexia 
(Fig.  3),  and  can  be  demonstrated  in  the  urine  atite  mortem. 
Conjunctival  congestion  is  usually  present,  skin  haemor- 
rhages and  haematuria  are  not  infrequent. 

Blood  Changes  in  the  Guinea-jjiff. 
Anaemia  towards  the  end  of  tbe  disease  in  the  animal, 
according  to  Stokes,  is  marked  and  accompanied  by  a  fall 
in  the  leucocyte  count.  Our  observations,  though  few 
in  number,  do  not  bear  out  this  statement,  a  ujoderate 
degree  of  anaemia  only,  and  a  polymorphonuclear  leuco- 
cytosis  with  a  total  white  count  of  from  18,000  to  25,000 
being  noticed.  These  findings  bear  out  those  of  Dawson 
and  Hume  in  this  disease  in  man,  a  moderate  polymorpho- 
nuclear leucocytosis  being  a  constant  feature.  Apart  from 
a  certain  degree  of  polycliroraasia,  we  have  not  fouud  any 
changes  on  the  part  of  the  red  cells. 

Pathological  Changes  in  the  Giiinea^jig- 
The  findings  in  guinea-pigs  which  have  died  of  the 
disease,  or  which  have  been  killed  after  the  appearance 
of  the  jaundice,  are  characteristic.  We  have  jaundice  of 
varying  intensity  of  the  skin  and  all  internal  surfaces.  As 
a  rule  the  jaundice  is  marked,  but  occasionally,  as  in  man, 
one  meets  with  cases  which  show  little  or  none.  This  is, 
h  iwever,  a  rare  occurrence.  Fine  petechial  liaemorrhages 
are  seen  in  the  skin,  subperitoneally  and  in  tbe  muscles, 
particularly  those  of  the  thighs  and  abdominal  walls.  The 
loose  areolar  tissue  of  the  groins,  axillae,  and  cervical 
regions  shows  haemorrhages  of  varying  size,  and  tho  lymph 


glands  in  these  regions  are  enlarged  and  frequently 
liaemorrhagic.  Tho  post-poritoncal  tissue;  also  shows 
numerous  haemorrhages,  particularly  in  the  region  of  the 
kidney,  tliat  organ  being  frcxpiently  surrounded  by  a  layer 
of  free  blood.  The  small  bowel  is  usually  coiigfisted,  and 
in  the  larger  percentage  of  cases  shows  numerous  sub- 
serous haemorrhages  usually  ellilitical  in  shape;.  On 
opening  the  gut  it  is  occasionally  noticeil  that  the 
duodenum,  particularly  in  its  upper  portions,  is  more- 
congested  and  the  mucosa  more  swollen  than  the  rest  of 
the  small  iutestiue.  This  same  faet  was  drawn  attention 
to  by  Dawson  and  Hume.  The  large  bowel  may  show 
little  or  nothing,  or  it  may  be  the  site  of  areas  of  haemor- 
rltage,  which  vary  from  clusters  of  pin- point  haemor- 
rhages to  areas  0  5  to  1  cm.  in  diameter,  which  suggest 
the  commencement  of  ulcer  formation. 

The  kidneys  are  acutely  congested  and  show  minute 
haemorrhages,  subcapsular  and  throughout  the  cortex. 
The  suprarenals  are  usually  tho  site  of  large  haemor- 
rhages, as  is  the  case  in  any  acute  toxaemia  in  the  guinea- 
pig.  The  liver,  as  a  rule,  shows  no  macroscopic  changes. 
The  spleen  is  congested,  friable,  and  in  the  majority  of  our 
cases  showed  distinct  enlargement,  though  Stokes  de- 
scribes it  as  "  not  obviously  enlarged."  The  epididymis- 
and  testicle  may  also  show  haemorrhages.  The  lungs- 
show  the  most  characteristic  changes  iu  the  shape  of 
multiple  clear-cut  haemorrhages,  varying  in  size  from 
that  of  a  pinhoad  to  a  threepenny-piece,  and  giving  rise  to' 
that  appearance  which  the  Japanese  authors  very  happily 
describe  as  being  like  "  the  wings  of  a  mottled  butterfly." 
As  pointed  out  by  Stokes,  the  larger  haemorrhages  are 
usually  confined  to  the  lower  lobes  and  may  be  arranged 
symmetrically  along  the  lateral  margins  of  them.  He 
also  draws  attention  to  the  fact  that  these  haemorrhages 
in  the  lungs  and  intestine  are  of  early  appearance,  having 
been  noticed  by  him  in  auimals  killed  twenty-four  hours- 
after  injection.  The  heart,  as  a  rule,  shows  nothing,  but^ 
as  in  the  case  of  other  viscera,  it  is  sometimes  the  site 
of  small  haemorrhages. 

Pathological  Histology. 

Liver. — The  changes  seen  in  the  liver  may  vary  froic 
cloudy  swelling  to  acute  parenchymatous  degeneration, 
small  prescribed  areas  of  cell  necrosis  sometimes  being 
found  on  section.  According  to  the  Japanese,  the  biliary 
ducts  show  no  congestion,  but  Stokes  describes  an  inflam- 
matory process  about  the  smaller  bile  ducts  with  a  leuco- 
cytic  infiltration  of  the  affected  areas — a  pericholangitis — 
and  to  this  he  is  inchued  to  attribute  the  jaundice. 

Kidney. — This  organ  shows  those  changes  characteristic 
of  an  acute  parenchymatous  nephritis.  The  tubular 
epithelium  shows  degenerative  changes,  in  many  cases 
both  marked  and  extensive.  There  is  a  leucocytic  infil- 
tration of  varying  degree  around  the  affected  tubules,  and 
not  infrequently  the  aft'ected  tubules  in  places  are  packed 
with  leucocytes.  Haemorrhages  occur  throughout  tbe 
cortex  and  many  tubules  are  seen  to  be  filled  with  red 
cells.  These  degenerative  processes  fall  chiefly  on  the 
proximal  convoluted  tubules  and  the  thicker  portion  of  the 
loop  of  Henle,  the  glomeruli  as  a  rule  not  being  markedly 
affected. 

Suprarenals.  —  Almost  invariably  these  organs  are- 
haemorrhagic,  and  in  acute  cases  they  show  haemor- 
rhages involving  practically  the  whole  of  their  structure. 
The  haemorrhages  apparently  originate  in  the  medulla. 

Lymphoid  Tissue.  —  The  spleen,  lymph  nodes,  and 
Peyer's  patches  all  show  congestion  and  some  endothelial 
proliferation.  The  spleen  shows  evidence  of  increased 
blood  destruction,  the  sinuses  being  packed  with  macro- 
phages containing  red  cells;  free  pigment  and  leucocytes- 
are  also  present.  The  lymph  glands  occasionally  show 
haemorrhage,  and  the  Peyer's  patches  are  usually  sur- 
rounded by  haemorrhage  in  the  form  of  a  thin  layer  of 
free  blood,"  and  also  show  extravasated  blood  throughoufc 
the  lymphoid  tissue. 

Lungs. — The  haemorrhages  in  the  lungs  are  seen  to  be 
pyramidal  in  shape,  with  their  base  lying  against  the- 
pleura.  They  are  frequently  limited  by  the  boundaries  of 
the  lobule.  The  vessels  leading  to  these  areas  of  haemor- 
rhage are  frequently  seen  to  be  packed  with  leucocytes, 
and  Stokes  describes  cases  in  which  thrombi  have  been 
noticed  in  these  vessels,  though  he  does  not  consider  the 
evidence  sufficient  to  attribute  tlie  haemorrhages  to  these 
thrombi. 
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Distribution  of  the  Spirochnetc  in  the  Gwinca-pig. — The 
:3pirochaete  lives  and  multiplies  iu  the  blood  stream  and 
in  various  organs.  It  is  usually  extracellular,  and  when 
present  iu  the  tissues  it  is  found  in  the  interstitial  tissue, 
or  more  rarely  in  the  endothelium  or  in  the  phagocytic 
•cells.  In  the  guinea-pig,  unlike  the  case  in  man,  it  is 
found  with  ease  in  the  blood  of  the  jaundiced  animal, 
especially  in  the  case  of  a  strain  which  has  gone  through 
several  animal  passages  and  kills  the  animal  rapidly.  The 
liver  contains  the  spirochaete  in  great  numbers,  and  it  is 
•sufficient  to  make  a  smear  from  a  portion  of  this  organ  to 
have  a  preparation  showing  a  dozen  or  more  spirochaetes 
per  oil-immersion  iield.  In  stained  sections  the  spiro- 
chaetes are  seen  to  be  numerous  and  extracellular  for  the 
most  part,  forming  when  very  numerous  a  sort  of  garland 
round  the  individual  cells.  After  the  liver,  the  kidneys 
and  suprarenals  contain  the  largest  number  of  spiro- 
chaetes. In  the  kidney  they  occur  in  the  interstitial 
tissue  between  the  tubules  and  also  in  the  walls  and  lumen 
■of  the  tubules  themselves.  Unlike  the  case  in  the  liver, 
their  distribution  in  the  kidney  is  by  no  means  general  but 
is  limited  to  areas,  where,  however,  they  are  numerous. 
Aljihough  comparatively  numerous  in  the  blood  stream,  the 
spleen  and  bone  marrow  contain  few.  The  lymphoid 
tissue  (splenic  follicles  and  lymph  glands)  also  shows  but 
few  spirochaetes,  and  in  the  lungs,  heart  muscle,  striated 
muscle  and  arterial  walls  they  are  rare.  They  are 
numerous  iu  the  urine  from  the  commencement  of  the 
jaundice.  Though  the  foregoing  description  of  the  dis- 
tribution of  the  spirochaete  in  the  diseased  guinea-pig  is 
true  for  the  majority  of  cases,  one  occasionally  meets  with 
animals  in  which  the  spirochaete  is  only  found  with  diffi- 
culty. It  may  be  stated  as  a  general  rule,  however,  that 
those  animals  showing  the  most  marked  lesions  contain 
the  most  spirochaetes. 

Mode  of  Excretion. — In  the  guinea-pig  the  spirochaete 
is  excreted  in  the  bile,  faeces,  and  urine,  though  it  is  only 
in  the  latter  that  it  is  with  any  ease  demonstrated  micro- 
scopically. Tiie  Japanese  worlcers  have  shown,  however, 
that  all  three  are  infective  for  the  guinea-pig,  tlieir  experi- 
ments with  the  bile  of  infected  aniujals  giving  a  greater  per- 
centage of  successful  results  than  those  with  the  faeces  and 
urine,  despite  the  fact  that  on  no  single  occasion  were  they 
able  to  demonstrate  the  spirochaete  microscopically  in  it. 

Technique  of  Transfer. — The  disease  can  be  trans- 
mitted from  animal  to  animal  most  surely  by  employing 
the  heart  blood  or  the  emulsion  of  liver  of  a  diseased 
animal.  Inada  states  that  he  found  the  former,  injected 
iu  quantities  of  2  c.cm.,  the  most  satisfactory,  but  our 
findings  and  those  of  Stokes  would  point  to  the  emulsion 
of  liver  being  the  more  certain  of  the  two.  In  the  case 
of  the  heart  blood  all  that  is  necessary  is  to  collect  the 
blood  with  the  usual  precautions  as  regards  sterility  and 
to  inject  it  intraperitoneally  into  the  fresh  guinea-pig. 
If  the  liver  emulsion  is  to  be  employed,  the  liver  is 
removed  as  rapidly  as  possible  after  opening  the  animal, 
using  the  greatest  possible  care  to  avoid  contamination, 
and  is  placed  in  a  sterile  vessel,  where  it  is  roughly  ground 
up  with  a  small  quantity  of  normal  saline.  The  resulting 
emulsion  is  then  rapidly  centrifuged  to  throw  down  the 
lumps  of  liver  tissue,  which  would  block  the  needle,  and 
the  fluid  so  obtaiued  injected  intraperitoneally  or  sub- 
cutaneously.  The  employment  of  a  large-bored  needle 
will  be  found  advisable,  and  in  all  cases  where  a  possible 
contamination  is  suspected,  such  as  invasion  of  the  liver 
tissue  by  bacteria  post  mortem,  should  the  animal  have 
been  dead  some  little  time,  the  subcutaneous  route  for 
inoculation  is  the  oue  of  choice.  In  a  like  manner  an 
■emulsion  of  any  other  organ  containing  the  spirochaete, 
such  as  the  kidney  or  suprarenal,  could  be  employed. 
Besides  the  subcutaneous  and  intraperitoneal  methods  of 
inoculation  which  are  employed  as  a  rule  owing  to  their 
simplicity,  the  guinea-pig  can  be  infected  by  way  of  the 
mouth,  feeding  the  animal  on  food  soaked  in  liver  emulsion, 
by  applying  the  virus  to  oue  of  the  available  mucous 
surfaces,  and  by  smearing  it  on  to  the  shaved  skin. 

in.  MoRPHOLOOY. 
Microscopical  Appearance. 
This  organism  is  fairly  pleomorphic,  and  varies  in  length 
from  4^  to  25^,  with  an  average  length  of  8  to  9/:^.  Its 
thickness  varies  with  the  staining  metiiod  employed,  but 
the  Japanese  workers  are  of  the  opinion  that  it  is  probably 
about  0.25 /J.     The  ends  are  sharp  and  pointed,  and  are  in 


most  cases  hooked,  not  uncommonly  both  ends  being  bent 
to  the  same  side  in  the  form  of  a  letter  C,  or  one  end  is 
beut  iu  an  opposite  direction  to  the  other,  giving  the  parasite 
an  S  shaped  form.  The  spirochaete,  unlike  Treponema 
pallidum,  shows  irregular  undulations  usually  composed  of 
2  to  3  large  or  4  to  5  smaller  waves.  This  is  not  always  the 
case,  Martin  and  Pettit  pointing  out  that  occasionally  one 
comes  across  forms  in  which  the  waves  are  more  numerous 
and  more  regular,  the  parasite  approaching  more  the  form 
of  T.  pallidum.  In  the  blood  the  spirochaete  conforms  to 
the  typical  form,  except  in  those  severe  infections  where  it 
is  very  numerous,  and  then  one  meets  with  parasites  bent 
in  the  form  of  a  ring  or  twined  one  about  another.  On  the 
other  hand,  the  forms  met  with  in  the  liver  vary  much  in 
shape  and  length.  One  sees  straight  forms,  others  bent  at 
one  end  only,  giving  the  parasite  the  appearance  of  a  note 
of  interrogation,  and  again  others  showing  round  or  oblong 
granules,  3  to  4  in  number,  staining  a  deep  purple  with 
Giemsa.  Still  larger  granules  may  sometimes  be  observed 
projecting  from  the  body  of  the  spirochaete — the  so-called 
"lateral  bud"  of  the  spirochaete  already  described  in  the 
case  of  other  varieties — the  significance  of  which  is  not 
apparent.  Degenerative  forms  are  also  met  with  which 
are  thick,  devoid  of  waves,  and  blunt  at  the  ends. 
Flagella  were  not  described  by  the  .Japanese,  but  Martin 
and  Pettit  and  Vaudremer  in  a  recent  publication  describe 
flagella,  which  they  have  been  able  to  demonstrate  by 
Loffler'sand  Van  Ermengem's  staining  methods.  These  are 
terminally  placed,  and  vary  in  number  and  length.  Further, 
they  have  been  able  to  show  that  the  flagellum  ends  in  a 
small  circular  knob,  the  significance  of  which  has  yet  to  be 
elucidated. 

Staining  Methods. — Unstained  in  a  hanging  drop  pre- 
paration, the  spirochaete  is  invisible  with  the  ordinary 
microscope  except  when  very  numerous,  and  even  then  its 
presence  is  detected  only  with  the  greatest  difficulty. 

Dark-ground'  Illumination. — By  this  means  the  spiro- 
chaete can  be  readily  studied.  It  is  not  nearly  so  refractile 
as  T.  pallidum,  and  its  movements  are  much  more 
sluggish.  As  a  rule  it  remains  motionless,  or  is  simply 
carried  across  the  field  by  the  currents  set  up  between  the 
slide  and  cover- slip.  It  is,  however,  capable  of  lashing 
movements  of  the  extremities,  the  centre  portion  of  the 
parasite  remaining  rigid,  or  it  may  show  twisting  worm- 
like movements. 

Dried  Smears. — Smears  of  blood,  tissues,  or  urine  sedi- 
ment can  be  readily  stained  by  Geimsa,  Leishman, 
Triboudeau,  or  a  rapid  silver  impregnation  method  such  as 
Fontana.  With  Giemsa,  after  a  preliminary  fixation  with 
methyl  alcohol,  absolute  alcohol, or  osmic  acid,  the  prepara- 
tion is  stained  for  two  hours  with  a  mixture  of  20  drops  of 
stain  in  10  c.cm.  of  water.  Generally  speaking,  when  the 
leucocytic  granules  are  deeply  stained,  the  spirochaete 
will  be  found  to  be  stained.  With  Leishman,  after  the 
preliminary  fixation  for  one  minute  with  undiluted  stain, 
the  diluted  stain  is  allowed  to  act  for  thirty  minutes. 
This  gives  quite  satisfactory  results,  and  though  not 
deeply  stained  the  spirochaete  is  readily  visible.  Coloured 
by  these  methods,  the  spirochaete  has  a  pinkish-purple 
tint.  Burri's  Indian  ink  method  and  similar  processes 
give  us  a  rapid  and  satisfactory  means  of  demonstrating 
the  spirochaete  in  smear  preparations,  but  perhaps  the 
most  satisfactory  of  all  is  that  of  Fontana,  which  consists 
of  staining  the  preparation  with  an  ammoniated  silver 
nitrate  solution  after  a  preliminary  mordancing  with  5  per 
cent,  aqueous  solution  of  tannic  acid. 

Staining  of  Sections. — The  most  satisfactory  staining  pro- 
cess for  sections  will  be  found  to  be  the  older  Le vaditi  method. 

Staining  of  Flagella. — For  this  purpose  the  methods  of 
Loffler  aud  Van  Ermeugem  both  give  satisfactory  results. 
The  following  are  the  directions  given  by  Martin,  Pettit, 
and  Vaudremer : 

(a)  Loffler.  Fix  in  ether-alcohol.  Cover  the  preparation  with 
Loffler's  fuchsia  ink  .and  heat  gently,  stopping  the  heating  as 
soon  as  the  preparation  commences  to  steam.  Wash  in  distilled 
water,  and  tiien  three  times  with  absolute  alcohol.  Stain  with 
alkaline  aniline  gentian  violet,  warming  gently.  Wash  in  dis- 
tilled water  and  dry. 

[b)  Van  Ermeugem.  Follow  the  classical  technique,  but  in 
place  of  Ziehl's  carbol  fuchsin  stain  the  preparation  with 
alkaline  aniline  gentian  violet,  diluted  so  as  to  obtain  a  back 
ground  not  too  deeply  stained. 

IV.  Cdltivation  Experiments. 
The   first   successful   attempts    to   cultivate   the   spiro- 
chaete were   those  of   the  .Japanese  Ito   and   Matsuzaki. 
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Starting  from  the  iufectetl  guinea-pig,  tho  spirochaete  was 
obtained  iu  pure  culture  by  tlie  nietliod  of  Noguclii,  guinea- 
pig  kidney  replacing  that  of  the  rabljit  usually  employed. 
The  cultures  were  covered  by  a  layer  of  liquid  paraffin.  The 
best  results  were  obtained  at  a  temperature  of  22"  to  25'  C. 
They  noticed  that  growth  commenced  in  from  three  to 
eeven  days,  or  rarely  after  a  delay  of  as  much  as  two 
weeks,  that  the  first  generation  lived  for  three  to  six 
weeks,  and  that  the  lives  of  tho  succeeding  generations 
were  rather  shorter.  Since  then  they  have  succeeded 
in  growing  the  organism  on  various  different  media, 
solid  and  liquid — blood  agar  aud  gelatin,  human  serum, 
diluted  ox  serum  aud  ascitic  fluid.  Martin  and  Pettit 
in  repeating  this  work  have  been  unable  to  obtain 
cultures  ou  solid  media,  but,  however,  have  been 
successful  with  various  liijuid  media.  The  most  satis- 
factory they  found  to  be  diluted  rabbit  serum  (1  in  5 
of  normal  saline),  and  diluted  ox  serum  (1  in  9  of  normal 
saline),  without  the  addition  of  pieces  of  tissue,  but  merely 
covered  with  a  layer  of  liquid  paraffin.  The  organism 
grows  well  at  a  temperature  of  between  25"  and  32°  C, 
refusing  to  grow  at  37'  C.  or  only  after  acclimatization. 
The  cultures  are  inoculated  with  the  heart  blood  or  emul- 
sion of  liver  of  a  jaundiced  guinea-pig  which  has  been 
preferably  killed  and  not  allowed  to  die  of  the  disease. 
The  cultures  remain  clear,  any  cloudiness  or  turbidity 
being  an  indication  of  contamination  and  of  failure  because 
the  spirochaete  refuses  to  grow,  or  only  shows  feeble  growth 
in  the  presence  of  other  organisms.  The  cultures  are 
without  odour  and  ascitic  fluid  remains  unooagulated.  In 
culture  the  spirochaete  is  evenly  distributed  throughout 
the  media,  and  is  shorter  and  more  active  than  when  seen 
in  the  tissues.  Occasionally  one  sees  several  spirochaetes 
intertwined  together  in  the  form  of  a  rosette,  and  here  and 
there  individuals  of  exceptional  length.  As  the  culture 
becomes  older  the  organism  becomes  less  active,  and 
degeneration  forms  make  their  appearance.  Subcultivation 
should  be  practised  when  growth  is  at  its  height,  that  is, 
when  spirochaetes  are  numerous  and  active.  The  cultures 
iire  capable  of  reproducing  the  disease  in  the  guinea-pig, 
and  their  virulence  is  maintained  up  to  the  twenty-second 
day. 

V.  Mode  of  SpRE.io  of  the  Disease. 
In  their  first  communication  the  Japanese  authors 
expressed  the  opinion  that  infection  occurred  through  the 
skin  or  by  the  mouth.  As  was  shown  by  them,  the  spiro- 
chaete is  excreted  chiefly  by  way  of  the  urine,  which  provides 
a  ready  means  for  the  dissemination  of  the  virus.  They 
had  noticed,  also,  that  epidemics  of  jaundice  occurring  in 
mines  were  confined  to  "wet"  mines,  and  that  if  in  a 
mine  the  cases  came  from  one  particular  portion,  that 
portion  of  the  mine  was  invariably  a  flooded  one.  The 
animal  experiments  performed  by  them  showed  that  the 
guiuea-pig  could  be  readily  infected  by  way  of  the  mouth, 
or  by  simply  applying  the  infectious  material  to  the  shaved 
skin,  abraded  or  intact — five  minutes'  contact  being 
sufficient  for  infection  to  have  taken  place.  Knowing 
these  facts  it  seemed  probable  tliat  in  these  epidemics,  in 
the  mines  at  any  rate,  the  water  having  been  contaminated 
by  urine  the  spirochaete  gained  entrance  to  its  new  host 
via  the  skin  or  by  the  mouth.  This  was  further  borne  out 
by  the  fact  that  when  the  flooded  portions  of  the  mine 
were  pumped  dry  the  incidence  greatly  decreased.  In  the 
communication  of  Stokes,  Kyle  and  Tytler  attention  is 
drawn  to  the  fact  that  the  cases  of  jaundice  occurring  in 
this  sector  of  the  hue  came  almost  exclusively  from  one  or 
two  portions  of  the  front  line  trench,  aud  that  as  soon  as 
the  units  were  moved  out  of  these  particular  trenches 
they  ceased  to  have  cases  of  jaundice,  and  in  a  similar 
manner  fresh  units  moving  into  them,  who  had  had  no 
cases  up  to  that  time,  almost  immediately  commenced  to 
develop  them.  These  portions  of  trench  when  compared 
with  the  rest  of  the  line  were  distinguished  from  tho 
remainder  by  always  being  in  a  very  wet  condition,  it 
being  impossible  to  drain  them  properly.  In  their  first 
paper  the  .Japanese  discussed  the  possibility  of  biting 
insects,  such  as  the  flea  or  mosquito,  playing  a  part  in  the 
spread  of  the  disease  from  man  to  man,  but  concluded  that 
the  smallness  of  the  numbers  of  the  spirochaetes  in  the 
peripheral  circulation  made  it  very  doubtful.  Stokes  also 
undertook  experimeuts  with  a  view  to  finding  out  if  the 
body  louse,  so  common  amongst  tho  troops,  could  be  in- 
criminated.    When  one  considers    however    how   geueral 


tho  distribution  of  the  louse  is,  and  how  localized  the  areas 
from  which  cases  of  jaundice  come,  this  does  not  seem 
probable.  His  experiments  proved  ueg.ative.  In  a  recent 
communication  tiie  .Japanese  state  that  they  have  been 
able  to  show  the  presence  of  the  spirochaete  in  38  per 
cent,  of  the  field  rats  coming  from  ai'cas  in  which  jaundice 
was  epidemic,  and  thej'  suggest  that  the  infection  may  be 
conveyed  by  the  rats'  urine  directly  or  indirectly.  Stokes 
has  been  able  to  confirm  this  finding,  six  out  of  fifteen  rats 
caught  in  these  areas  in  which  jaundice  was  endemic 
having  been  shown  to  contain  tlie  spirochaete  in  tho  kidney 
capable  of  producing  the  disease  in  the  guinea-pig.  It 
would  appear,  therefore,  that  the  rat  acts  as  a  reservoir  for 
the  infective  agent,  spreading  the  disease  by  means  of  its 
urine  directly  or  indirectly,  and  that  infection  is  further 
spread  by  the  patient's  urine  and  faeces. 

VI.  Immunity. 

The  Japanese  in  their  first  paper  pointed  out  that  the 
blood  of  convalescent  patients  contained  protective  sub- 
stances capable  of  neutralizing  the  virus  in  vitro,  and  of 
protectiug  the  guinea-pig  against  infection.  This  sub- 
stance is  first  demonstrable  iu  the  blood  serum  after  the 
tenth  day  of  illness,  but,  as  a  rule,  is  not  found  before  the 
titteenth  to  the  twentieth  day.  This  immune  substance 
persists  iu  the  blood  for  a  long  time,  the  .Japanese  authors 
quoting  two  cases  in  which  it  was  detected  at  the  end  of 
five  and  a  half  years.  It  is  specific,  and  is  not  present  in 
the  serum  of  healthy  persons,  nor  in  the  serum  from  cases 
of  jaundice  of  other  origin. 

The  immune  substances  can  be  demonstrated  by  the  re- 
action of  Pfeiffer,  the  results  of  the  experiment  being  con- 
firmed by  the  subsequent  condition  of  the  guinea-pigs,  the 
control  animal  developing  jaundice  and  dying,  while  the 
other  which  received  the  virus  aud  the  patient's  serum 
remains  unaffected.  They  also  showed  that  this  substance 
was  endowed  with  curative  properties,  the  diseased  guinea- 
pig  being  cured  by  an  injection  of  the  patient's  serum  if  it 
was  administered  before  the  onset  of  jaundice.  These 
facts  have  been  confirmed  by  the  French  and  by  Stokes, 
the  latter  having  shown  that  even  after  the  appearance  of 
jaundice  the  guinea  pig  can  be  cured,  provided  the  serum 
is  injected  before  the  collapsed  stage  is  reached.  In  view 
of  these  facts,  the  Japanese  have  prepared  an  antiserum 
by  immunizing  a  horse,  and  report  encouraging  results 
from  the  employment  of  this  serum  therapeutically.  The 
French  also  are  preparing  an  antiserum,  but  so  far  have 
published  no  results  of  its  application  iu  the  disease. 

Attempts  liave  also  been  made  to  demonstrate  immtme 
bodies  in  the  patient's  serum  by  means  of  the  reaction  of 
the  fixation  of  complement.  As  antigen  an  emulsion  of 
liver  rich  iu  spirochaetes  was  employed.  Stokes  reports 
neoative  results  with  this  reaction,  and,  while  Martin  and 
Pettit  state  that  it  was  positive  in  the  five  cases  in  which 
it  was  tried  by  them,  they  at  the  same  time  admit  that  a 
strongly  syphilitic  serum  gave  a  positive  result  also. 

The  sei-um  of  the  patient,  according  to  Gamier  and 
Reillv,  does  not  agglutinate  the  spirochaetes,  whereas  the 
Pasteur  Institute  serum  agglutinates  them  readily,  the 
spirochaetes  losing  their  mobility  and  running  together  into 
clumps. 

VII.  Bacteriological  Di.\gnosis. 
Direct  Examination  of  tlie  Blood. 
Owino  to  the  shortness  of  the  period  during  which  the 
organism  is  to  be  found  iu  the  circulation  and  the  small- 
ness of  its  numbers  when  present  therein,  the  direct 
examination  of  blood  smears  for  the  spirochaete  is  of  little 
value  as  a  practical  method  of  diagnosis.  However,  in  the 
early  stages  of  disease  (up  to  the  seventh  day)  it  is  some- 
times possible  to  demonstrate  the  spirochaete  in  this 
manner,  and,  seeing  that  it  requires  little  time  or  trouble, 
it  is  worthy  of  trial.  The  blood  may  be  examined  by 
means  of  the  ultra-microscope;  blood  smears  may  bo 
stained  by  Giomsa,  Leishuiau,  and  Fontana,  or  prepara- 
tions made  with  Burri's  Indian  ink  method. 

Animal  Inoculation, 
The  reproduction  of  the  disease  in  the  guinea-pig  by  the 
injection  of  the  patient's  blood  or  urine  is  undoubtedly  the 
most  satisfactory  and  convincing  diagnostic  test  we  at 
present  pos.sess,  but  unfortunately,  owing  to  the  fact  that 
it  is  only  iu  the  early  stages  of  the  disease  that  the  blood 
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is  infective  aud  that  the  infectivity  of  tlie  urine  is  a  very 
variable  quantity,  this  metliod  of  diagnosis  as  a  practical 
measure  has  its  limitations.  In  the  early  days  of  the 
disease,  up  to  the  seventh  or  even  ninth  day,  one,  or 
preferably  two,  guinea-pii^s  should  be  inoculated  intra- 
peritoneally  -with  3  to  5  c.cm.  of  the  patient's  blood. 
Injection  of  larger  quantities  of  blood  is  of  itself  sufficient 
frequently  to  kill  the  guinea-pig.  In  a  positive  case,  after 
an  incubation  period  of  from  six  to  twelve  days,  the  animal 
develops  the  disease  and  dies,  showing  the  characteristic 
changes  already  described.  Similarly,  in  the  early  days 
of  the  disease  the  injection  of  the  urine  into  the  guinea-pig 
should  be  done,  and  even  after  the  blood  has  ceased  to 
be  infective  and  the  case  is  well  advanced,  it  is  perhaps 
worthy  of  trial,  because,  as  shown  by  Gamier  and  Reilly, 
positive  results  may  be  obtained  as  late  as  the  twenty- 
eighth  day.  These  woi'kers  inject  the  centrifugalized 
deposit  from  40  to  60  c.cm.  (occasionally  as  much  as 
150  to  250  c.cm.)  of  recently  passed  urine,  suspended 
in  5  c.cm.  normal  saline.  Naturally  all  precautions  as 
regards  sterility  must  be  observed  in  the  collection  and 
centrifugalization  of  the  urine. 

Examination  of  the  Urine  for  Spirochnetes. 
As  pointed  out  by  the  Japanese,  the  spirochaeto  is 
eliminated  chiefly  by  waj'  of  the  kidney,  and  from  the 
ninth  day  onwards  can  be  demonstrated  microscopically 
in  the  urine.  At  first  it  appears  in  the  urine  in  small 
numbers  only,  the  number  gradually  increasing  to  a 
maximum  reached  about  the  thirteenth  to  fifteenth  day 
of  disease,  to  diminish  again  and  finally  disappear  from 
the  urine  about  the  fifth  or  beginning  of  the  sixth  week  of 
illness.  Should,  therefore,  a  case  of  jaundice  present 
itself  too  late  in  the  disease  to  make  the  injection  of  the 
guinea-pig  with  the  blood  of  no  use,  aud  should  the  injec- 
tion of  a  guinea-pig  with  the  urine  have  proved  negative, 
the  demonstration  of  the  spirochaete  in  the  urine  gives  us 
valuable  information  as  to  the  cause  of  the  jaundice.  The 
procedure  is  simple  and  is  as  follows  :  The  urine  is  collected 
in  a  sterile  vessel  and  50  c.cm.  or  so  centrifuged.  The 
deposit  so  obtained  is  washed  with  distilled  sterile  water 
and  recentrifuged  and  smears  made  with  the  final  deposit. 
Preparations  can  be  made  by  the  Indian  ink  method, 
Harrison's  collargol  method,  or  with  a  2  per  cent.  a(iueons 
solution  of  Congo  red,  treating  the  smear  so  obtained 
with  1  per  cent.  HCl  in  alcohol,  as  recommended  by 
Benians.  These  methods  have  the  advantages  of  rapidity 
and  simplicity,  but  in  our  opinion  the  best  is  the  staining 
of  dried  smears  by  the  method  of  Fontana.  Should,  tliere- 
fore,  the  urine  of  a  case  of  jaundice,  examined  in  this 
manner  towards  the  end  of  the  second  or  beginning  of  the 
third  week,  show  the  presence  of  numerous  spirochaetes 
having  the  morphological  characters  of  the  Spirochaeta 
icteroJuiemorrlLagiae  already  described,  and  should  the 
case  liave  been  proved  negative  for  the  enteric  grouj)  by 
blood  culture,  examination  of  stools  and  urine  for  bacilli 
or  by  agglutination,  there  is  little  doubt  that  the  case  in 
question  is  one  of  spirochaetosis.  It  must  be  borne  in 
mind,  however-,  that  it  is  not  sufficient  to  examine  the 
urine  on  one  occasion  only,  but  several  examinations  at 
intervals  of  two  to  three  days  may  be  necessary  before  the 
spirochaete  is  found.  Even  then,  as  pointed  out  by  Stokes, 
we  may  fail  to  find  the  spirochaete  because  it  is  to  be 
expected  that  in  mild  cases  the  numbers  excreted  will  be 
small,  and  the  period  during  which  they  are  to  be  found  in 
the  urine  transient.  It  cannot  be  claimed,  however,  that 
this  method  of  diagnosis  has  the  same  value  as  the  pro- 
duction of  jaundice  in  the  guinea-pig  as  there  are  certain 
obvious  sources  of  error.  These  are  the  limitation  of  the 
microscope  when  used  alone  to  determine  the  species  of 
micro-organism  with  which  one  is  dealing  and  the  presence 
of  other  bodies  in  the  preparation  resembling  spirochaetes 
liable  to  mislead  an  inexperienced  observer.  The  latter 
error  should  not  be  made  by  a  skilled  worker,  and  though 
the  examination  by  us  of  control  urines  from  cases  of 
scarlet  fever,  measles,  lobar  pneumonia,  typhoid  and  para- 
typhoid fever  have  occasionally  revealed  the  presence  of 
spirochaetes,  this  has  been  of  rare  occurrence,  and  in  no 
case  did  these  spirochaetes  or  spirilla  bear  any  morpho- 
logical resemblance  to  the  Spirochaeta  icterohaemor- 
rhagiae.  We  have,  therefore,  concluded  that  in  a  case  of 
jaundice  the  clinical  symptoms  of  which  point  to  spiro- 
chaetosis, which  has  been  proved  negative  to  the  enteric 


group,  aud  in  the  urine  of  which  spirochaetes  with  the 
morphology  of  Spirochaeta  icterohaemorrhaijiae  have  been 
found,  one  is  in  possession  of  a  chain  of  evidence  warranting 
the  diagnosis  of  spirochaetal  jaundice. 

Immunity  Reactions. 

1.  Reaction  of  Neutralization. — This  reaction,  already 
referred  to  under  the  heading  of  immunity,  can  be  made 
use  of  in  diagnosis.  It  suffices  to  mix  a  toxic  dose  of  virus- 
(liver  emulsion)  with  1  to  2  c.cm.  of  the  serum  from  the 
case  in  question  and  to  inject  it  into  a  guinea-pig  intra- 
peritoneally.  The  control  animal  receives  the  virus  alone. 
If  the  case  is  one  of  spirochaetosis,  the  guinea-jjig  remain.^ 
unaffected,  the  control  animal  dying  with  the  characteristic 
jyost- mortem  c\\a,Tiii,eii\  on  the  other  hand,  if  the  case  were 
not  one  of  spirochaetosis,  both  animals  would  develop 
jaundice. 

2.  Fi.ration  of  Complement. — It  would  not  appear  that, 
in  our  present  state  of  knowledge,  this  reaction  would  be 
of  much  service  in  diagnosis.  Martin  and  Pettit  report 
Ijositive  results,  however,  in  the  five  cases  in  which  it  was 
tried  by  them,  but  the  value  of  these  results  was  somewhat 
detracted  from  by  the  fact  that  a  strongly  syphilitic  serum 
gave  a  positive  result  as  well  with  their  antigen. 

CONCLUSION. 

It  would  seem  to  be  proved  that  there  is  in  the  armies 
in  France  a  type  of  infective  jaundice  which  is  the  same 
in  clinical  and  pathological  features  as  that  described  by 
the  Japanese  workers,  and  that  this  disease  is  caused  by 
the  Spirochaeta  icteroltaemorrhagiac.  And  there  is  also' 
undoubted  proof  that  this  same  spirochaete  may  cause 
a  similar  train  of  symptoms  v^ithout  the  appearance  of 
jaundice. 

A  complete  bibliography  is  appended,  and  to  the  authors 
of  the  various  publications  we  acknowledge  our  debt. 
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THE    HOYAL     ARMY     MKDICAL    CORPS    AM)    JTS    WOIIK. 


The  geuei-al   woilc   of  thr   meilii'al  soi-vic(!  of  the  Jiritisli 
army  uiay  bo  rei^anlod  as  falling'  into  tlireo  main  sections: 

1.  The  physical  and  cnvii-onmental  hyyicnc  of  tlic 
soUliei-'s  life. 

2.  The  evacnatiou  of  sicl;  and  wouncled  from  places  at  wliicb 
their  presence  is  an  obstacle  to  the  success  of  military 
operations,  and  detrimental  to  the  men  themselves;  and 

3.  The  provision  and  maintenance  of  institutions  at  which 
sick  or  wounded  soldiers  can  remain  during  treatment. 

In  theory,  and  to  some  extent  in  practice,  the  area  in 
uluch  the  work  has  to  be  done  is  divided  into  three  zones. 
I  lie  Hrst  or  forward  area  is  known  as  the  "collecting  zone" 
(l-ig.  ll.     In  it  the  wounded  are  collected  from  tlie  battle- 
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Fia  l.—CoUecling  Z,me.  Diagram  representing  the  distribu- 
tion o(  tbe  medical  units.  The  plain  circles  are  regimental  aid 
posts.  Ihe  circles  with  a  dot  in  the  centre  are  advanced  dressing 
stations,  and  those  with  a  cross  are  main  dressing  stations  of  field 
ambulances.  The  cn-cles  with  a  vertical  line  through  them  are  rest 
camps  and  other  annexes  to  main  dressing  stations.  Tbe  upper 
oblongs  are  a  couple  of  casualty  clearing  stations  connected  by 
road  with  the  field  ambulances  and  with  the  base  by  a  railway  line 
and  canal  traversing  the  evacuating  zone.  The  oblong  below  Is  h  ) 
IS  a  stationary  hospital  in  the  evacuating  zone.  Opposite  it  is 
an  advanced  depot  of  medical  stores  (a.d.), 

field,  and  the  siek  from  the  jilaces  at  which  they  fall  ill. 
Theoretically  it  is  an  area  of  the  shape  of  a  triangle,  con- 
nected by  its  apex  with  the  lines  of  communicatron^  and 
having  at  its  base  the  regiments  in  action ;  and  nominally 
it  contains  only  the  regimental  aid-posts,  the  field  ambu- 
lances, and  a  '■  casualty  clearing  station,"  or  railhead 
hospital,  which  stands  at  the  apex,  and  serves  to  house 
the  sick  and  wounded  sent  on  from  the  field  ambulances 
until  they  can  be  passed  down  through  the  evacuating 
zone  to  the  distributing  zone.  In  practice,  however,  it 
contams  certain  other  units  of  a  medical  character. 

The  next  or  middle  area  is  known  as  the  "  evacuatiuf 
zone,"  because  it  is  traversed  by  the  roads,  railway  lines! 
or  canals  along  which  the  sick  and  wounded  are  carried 
on  their  way  to  the  distributing  ;!oue.  It  corresponds 
with  the  military  area  known  as  the  lines  of  communica- 
tion, and,  theoretically,  is  long  and  narrow,  containiuo, 
from  a  medical  point  of  view,  nothing  but  the  varioiTs 
means  of  transport,  and  perhaps  a  medical  store  or  two 
and  a  few  "stationary"  hospitals  for  the  reception  of 
patients  who  should  not  be  taken  any  further  towards  the 
distributing  zone. 

The  third  or  lowest  area  is  called  the  "distributing 
zone,"  because  in  it  are  placed  the  various  institutions 
among  which  the  sick  and  wounded  are  to  be  distributed 
to  receive  their  final  treatment.  It  is  an  area  of  indefinite 
size,  corresponding  roughly  to  that  in  which  munitions  of 
war  are  gathered. and  reinforcements  collected,  and  which. 
from  a  purely  military  point  of  view,  is  known  as  the 
base.  In  this  war  it  lies  partly  in  Great  Britain,  partly 
overseas,  and  eouseijuently  it  is  common  to  speak  of  it  as 
if  it  contained  institutions  of  two  different  orders^"  home 
hospitals  "  and  "  overseas  or  base  hospitals." 

The  collecting  zones  in  France  may  be  regarded  as 
divided  into  sections,  each  with  its  own  line  of  com- 
luunications  and  a  railhead,  for  the  front  i.s  actually  held 
by   different  armies  each  of  which  has  its  own   area   of 
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operations.  Euch  such  area  is  in  medical  charge  of  a 
senior  medical  olliccr  known  as  Director  of  .McdicTal  Ser- 
vices (IJ.M..S.),  who  is  lesponsible  for  the  arrangements  he 
makes  only  to  the  general  of  the  army  to  which  ho 
belongs,  and  to  the  principal  medical  officer  of  the  liritish 
forces— that  is  to  say,  the  Director-General  of  Medical 
Services  on  the  staff  of  the  Commander-in-Chief. 

In  the  collecting  zone,  even  in  parts  of  the  area  full  of 
suggestions  of  the  industries  of  peace,  the  dull  booming 
of  the  guns  is  rarely  inaudible,  while  a  few  miles  further- 
afield  the  road  is  encumbered  from  time  to  time  by 
ammunition  wagons,  by  ambulances,  by  fresh  battalions 
going  up  to  take  their  place  in  the  line,  or  by  battalions 
returning  to  their  billets  mudstained  and  worn.  The  hill- 
tops, too,  disclose  a  view  perhaps  of  swiftly  moving  aero- 
planes, a  line  of  observation  balloons,  and  the  rising"smoke 
clouds  formed  by  bursting  shells. 

This  area  has  an  atmosphere  all  its  own — bracing,  sua- 
gestive,  thrilling,  yet  curiously  solvent  of  illusions  and  of 
personal  petty  ambitions.  That  is  its  effect,  at  any  rate, 
on  many  a  newcomer.  He  sees  himself  suddenly  from  a 
new  angle;  he  recognizes  that  he  has  arrived  at  a  place 
where  there  is  no  room  for  the  looker-on  at  life,  at  a  place 
where  men  justify  their  existences  by  work  and  their 
deaths  by  altruistic  aims,  and  where  nothing  counts  but 
the  war. 

The  various  sections  of  this  zone  are  each,  as  has  been 
isaid,  in  charge  of  a  director  of  medical  services,  who  works 
through  the  deputy  directors  (D.D.M.S.)  in  charge  of  the 
corps  into  which  every  army  is  divided,  and  these  again 
through  the  assistant  tlirectors  ( A.D.M.S.),  who  are  respon- 
sible for  the  medical  work  of  the  divisions  out  of  which 
army  corps  are  constituted. 

The  number  of  men  in  a  division  is  roughly  20.000,  and 
to  meet  their  needs  each  A.D.II.S.  has  at  his  disposition 
the  personnel  of  three  field  ambulances,  and  twelve  or 
more  medical  officers  attached  to  single  battalions  or  like 
divisional  units. 

B.VTTALIOX  MEDICAL  OFFICERS. 
The  battalion  or  regimental    medical   oflicers   do   their 
work  in  a  more  advanced  position  than  any  others,  and  in 
some  respects  are  the  most  important  components  of  the 
whole  medical  service. 

Each  is  as  it  were  the  family  medical  attendant  of  the 
men    of   the   unit,    the  medical   officer  of    health   of    the 
locality  in  which  it  may  for  the  moment  find   itself,  and 
the  private  medical  adviser  of  the  commanding  officer  in 
respect  of   all  questions  in  which  medical  considerations 
arise.     He  gets,  or  should  get,   to  know  the  mental  and 
physical   peculiarities   of   every   officer   and    man    in    his 
battalion— knowing,  for  instance,  such  things  as  who  have 
dubious  feet,  who  a  nervous  constitution,  who  are  excep- 
tionally   hardy,   who    are    careless   in    their   living,    who 
careful,  who  are  disposed  to  go  sick  on  the  least  excuse, 
who  will  never  report  themselves  until  positively  obliged.' 
He   acquires  this   knowledge    by  going  about  among  "the 
men,  by    his   formal   medical    inspections,  and  by  noting 
who    are   the    frequent   attendants   at   his   morning   sick 
parades,  and  why  they  come.     Bearing  in  mind  that  the 
sole  reason  why  the  men  are  in  his  charge  at  all  is  in 
order  that  they  may  tight,  and   fight  effectivelv,  he  treats 
them   much    in   the  spirit  of  the  medical  attendant  of  a 
racing  crew.     Hence  he  is  always  endeavouring  to  tackle 
.small  evils  early,  and  to  winnow  out  the  sick  to  whom  he 
can  afford  all  necessary  treatment  himself  from  those  who 
must  be  sent  elsewhere. 

Everything  that  can  in  any  way  affect  the  health  of  his 
unit  comes  within  his  purview  :  food  and  its  preparation, 
the  sterilization  of  tlie  water  supplies,  the  provision  of 
latrines  and  their  proper  maintenance,  the  destruction  of 
rubbish,  and  the  cleanliness  of  billets  and  dug-outs.  He 
is  always,  too,  on  the  alert  for  the  first  signs"of  an  out- 
break of  any  epidemic  malady,  wages  war  on  parasites 
and  flies,  and  endeavours  to  ensure  that  the  men  appre- 
ciate the  importance  of  the  various  precautions  they  are 
tokl  to  observe,  including  those  against  trench  feet.  His 
authority  he  derives  partly  from  his  personal  position. 
I)artly  from  his  influence   with   the  commanding  officer  of 
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his  battalion.  If  he  secuvos  the  confidence  of  the  latter, 
and  the  real  respect  of  the  adjutant  and  the  sergeant- 
major,  his  work  is,  from  one  point  of  view,  easy. 

His  duties  are  continuous,  whether  his  unit  be  resting  in 
billets  or  be  taking  its  turn  in  the  ftghting  line. 

Trench  Work. 
If  it  be  taking  its  turn  in  the  fighting  line  he  has  also  to 
attend  to  battle  casualties  and  their  evacuation,  his  precise 
duties   in   this   connexion   differing    according'  as   trench 

fighting   is  in  progress 

\^ I — I or    an    "  over-the-top  " 

advance. 

In  the  former  case 
he  does  his  work  from 
a  predetermined  point 
chosen  according  to  the 
lie  of  the  ground  and 
other  circumstances,  at 
or  close  sometimes  to 
the  head  quarters  of 
one  of  the  companies 
of  the  battalion  or 
sometimes  to  those  of 
the.  battalion  itself. 
The  former  are  likely 
to  be  in  a  dug-out  or 
trench  some  two  or 
three  hundred  yards 
behind  the  tire  trench, 
and  the  latter  perhaps 
twice  or  three  times 
that  distance  (Fig.  2). 
Here  he  establishes 
a  first  or  regimental 
aid  post,  equipping  it 
with  the  ordinary  pro- 
visions of  a  surgery, 
coupled  with  bunks  or 
other    lyiugdown     ac- 


FlG.  2.— Map.  dx-awn  from  memory, 
showing  the  position  of  a  certain  regi- 
luental  aid  post  lying  between  a  main 
and  an  accessory  communication  trencli. 
The  shaded  block  is  the  post  itself.  It 
stands  across  the  trench,  the  patients 
approachinfi  along  the  curved  trencli 
and  leaving  by  the  straight  descending; 
trench,  which  leads  to  the  advanced 
dressing  station.  The  ascending  arm 
leads  to  and  from  the  firing  line.  The 
projection  (K)  on  the  right  is  the  aid 
post  kitchen.  The  projection  (li  is 
tile  latrine.  The  small  shaded  projec- 
tion (s)  is  a  dug-out  for  four  R.-'V.M.C. 
stretcher-bearers. 


commodation   for,   say. 
half  a  dozen  seriously  wounded  men  (Figs.  3  and  4). 

The  aid  post  itself  may  be  the  cellar  of  a  ruined  cottage 
or  house,  a  deserted  German  dug-out,  or  an  ostensibly 
sliell-proof  annexe  to  a  communication  trench,  but  what- 
ever its  nature  he  endeavours  to  guard  his  patients  against 


place  at  a  moment's  notice.  .\lso,  if  the  accommodation 
of  the  post  he  at  all  considerable,  he  takes  what  steps  he 
can  to  divide  it  up  in  such  fashion  that  no  single  sliell  is 
likely  to  affect  all  parts  of  it. 

To  assist  him  he  has  a  corporal  and  four  men  of 
his  own  corps,  their  specific  duty  being  to  look  after 
the  water  supplies  ;  he  draws  from  the  battalion  a  lance- 
corporal,  a  driver  for  the  small  cart  in  which  he  carries 
about  his  aid-post  outfit,  and  from  each  half-company 
one  man  whose  specific  duty  is  sanitation.  The  unit 
also  supplies  him  with  men  to  act  as  stretcher-bearers  in 


Fig.  3. —Ground  plan  of  a  regimental  aid  post  shown  in  elevation 
in  Fig.  4.  On  tile  left  (o)  is  a  hunk  for  two  orderlies,  each  having 
his  stretcher  bed;  next  is  the  M.O.'s  bunk,  with  a  stretcher  bed 
and  table.  In  the  centre  compartment  running  from  entrance  to 
exit  are  trestles  to  support  a  stretcher  while  a  case  is  being 
dressed,  some  tables  and  shelves  for  bottles  and  instruments,  and 
two  sitting  benches  On  the  right  is  an  empty  space  for  storing 
the  kits  of  patients,  and  beyond  are  slides,  each  to  hold  three 
stretcher  patients,  in  tiers  (s. p.'.  A  curtain  separates  them  from 
the  centre  compartment.  Gas-proof  curtains  are  rolled  up  above 
the  doors  ready  to  let  down  on  a  gas  alarm,  and  on  the  floor 
near  the  exit  is  a  cylinder  of  oxygen  and  a  spraying  machine  and 
some  bottles  of  anti-gas  solution, 

a  gas  attack,  providing  for  all  openings  a  blanket  screen 
soaked  in  an  anti-gas  solution  which  can  be  lowered  into 


Fig.  4.  —  I'^levit  tirin  of  tile  regimental  aid  liost  shown  in  l-'ig.  5 
Tiers  (s. p.)  for  stretchers  for  patients  are  seen  on  the  left  tone  in 
position),  and  the  M.O.'s  bunk  and  stretcher  bed  on  the  right. 
In  the  middle  is  a  trestle  to  support  a  stretcher  while  the  case  is 
being  dressed,  and  near  it  a  bench  for  bottles  and  dressings. 
Sufficient  height  lor  work  (about  6  ft.  6  in.)  is  secured  by  slightly 
deepening  the  trench,  inflow  of  water  being  prevented  by  a  dam 
and  sump  pit.  The  floor  is  concrete;  the  roof,  concrete,  sand- 
bags and  earth.    Light  is  supplied  by  acetylene  lamps. 

the  proportion  of  two  to  each  half-company,  or  sixteen  in 
all.  His  total  command  therefore  consists  of  twenty-nine 
men,  all  of  whom  he  trains  in  stretcher-bearer  and  first- 
aid  work,  but  otherwise  employs  as  he  finds  advisable. 
Subject  to  the  specific  duties  mentioned  he  usually  posts 
most  of  his  men  along  the  trenches  held  by  his  unit  in 
order  that  they  may  be  ready  to  attend  the  casualties 
when  the  cry  "stretcher-bearers  at  the  double  "  is  passed 
from  sentry  to  sentry. 

The  medical  officer  visits  the  fire  trenches  whenever 
occasion  occurs,  and  often  merely  to  encourage  the  men 
by  the  knowledge  that  should  they  be  wounded  skilled 
attention  is  at  hand  ;  his  assistants  are,  however,  com- 
petent in  ordinary  cases  to  apply  the  first-aid  dressing 
which  every  soldier  carries  inside  his  tunic;  if  feasible,  the 
wounded  man  is  then  removed  to  the  regimental  aid  post. 
Consequently,  it  is  here  that  the  medical  officer  habitually 
remains. 


Fig.  5.— Diagram  representing  a  section  tlirough  a  fire  trench, 
measuring  about  2  ft.  at  the  bottom,  about  4ft.  at  the  upper  ground 
level,  and  about  5  ft.  6  in,  from  top  to  liottom.  The  shelf  at  the 
side,  or  lire-step,  can  be  used  as  the  foundation  for  a  stretcher  bed 
when  the  bottom  of  the  trench  is  full  of  water. 

If.  however,  the  injury  be  a  fracture  of  the  lower 
limb  or  other  serious  condition,  or  the  man  cannot  be 
brought  back  to  the  aid  post  forthwith,  the  medical  officer 
goes  up  to  see  that  the  necessary  steps  are  taken. 
These  will  always  include  the  placing  of  the  patient  in 
some  position  in  which  he  will  be  out  of  the  way  of  the 
fighting  men,  while  if  the  trench  be  waterlogged  or  the 
weather  very  rainy,  and  the  patient  helpless,  it  may  be 
necessary  to  build  him  up  a  bed  out  of  a  stretcher  on  the 
tire-step    (Fig.   5),   or   elsewhere    above    the   water     line, 
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pi-otectiii^<  Iniii  I'loru  cold  aiul  \vi)t  by  l.laiiUcts  aiul  a  water- 
proof <{1-()U1k1  slit'ofc. 

Tho  dilliculty  of  <,'cttiiif,'  a  case  out  of  tlie  ti-cnclios  vai-ics 
with  its  nature,  with  the  amount  of  tlie  lightiii','  tliat  is 
111  pn^ress,  ami  witli  the  cliaractcr  of  tlio  trench  leaiHn" 
h-oiii  tho  place  where  the  casualty  has  occurred  to  battalion 
head  (juartcrs.  A  plan  of  a  coiiiiuon  typo  of  trench  is 
shown  in  Ki<;.  C.     Should  tlm  communication   trench   have 


,oMi?V,.^;7°"','"l?  °'  "^  common  forai  of  t.encli  with  traver--es  uro 
tie  lelt  lb  llie  besiinniiig  of  a  comnumication  treiicll      On  theiiiiiii; 

sn?h^    '"n./l^    ''""'"'"  "'"  °'  •'  Inverse.    .Many  of  the    ^^"'''" 
sucu  a  treiicu  arc  worn  away. 


On 

,'ht 
aiij^les  of 


been  knocked  about  recently  or  be  waterlogged,  it  may 
not  be  easy  even  for  an  active  and  unloaded  man  to  cgt 
a  ong  It,  and  in  the  best  of  circumstances  the  transport 
of  a  wounded  man  along  the  trenches  is  a  problem 
presenting  much  difficulty.  '^ 

wid!!''n"  ^^T-  °*  "f M  '''■^"'=''  <^''g-  ^)  «ay  be  nowhere 
wider  than  24  in.,  wli.Ie  the  average  width  of  a  fully- 
developed  trencli  ,s  not  more  than  4  ft.  at  the  level  of 
the  shoulders,  and  its  course  is  invariably  interrupted 
by  angles   round   which   an   ordinary  stretcher   cannot   bo 


Fig.  7.— DinKi-am  of  a  type  of  trench  m-esentin"sDeci8ldifFipnU;= 
in  movinf,' wonnflnrl  mp)i      if  i^.  ^   *    ■      "         V      '  ^*™cL'"'ies 

one  is  ney-er  iZ^'iLTSboi't  ri^:^^i^t  s'i^rk""^  '™'^' 

carried  except   by   tilting.      (Figs.   8   and   9.)     Numerous 
special  stretchers  have   been  devised,  and  some  of   them 
meet  the.r  purpose  if  the  communication  trench  is  aoo 
and  especially  it  the  trench  in  which  they  are  beingCed 
be   an   old   one   and   the   corners   of   the   traverses   worn 

Fig     10   is  a  diagrammatic  section  of  another  type  of 
rench  in  use  where  the  greund  water  level  is  sufficiently 

protect  from  rifle  fire  a  man  a  little  over  si.K  feet  hiol,. 


crmir: 


in  '^vf '''i  ""T;  '''"^''^^^'■;  "'=^"y  '^'^^'^^^  •I'*  also  many  trenches, 
in  which  the  special  stretchers  are  unusable,  so  it  is 
common    or  the  preblem  to  be  solved  l5y  lifting  the  patient 

aid  Lif  fT"     ;  '""^  ^'-^'■'•y-^g   l.i-u  to  the  regimental 

Lannnn  +„  r  !  '"/'^'^'^"'"S  g'-ouud.  Should  the  trenches 
Jjappen  to  he  at  the  top  of  an  ascent  this  is  a  relatively 


easy  |)roc(>ss,  but  otiierwiso  it  can  only  be  carried  out  after 
nightlall  uul(!ss  tho  need  for  removal' is  so  urgi'iit  that  the 
risk  must  lie  taken  of  the  patient  and  his  bcanrs  all  bein" 
killed.  ° 

When  the  patient  arrives  at  tin;  aid  post  eviry  care  is 
taken  to  obviate  shock  as  far  as  possible  by  the:  /ulministra- 
tioii  of  moi-phine  and  hot  drinks,  and  by  iirotection  from 
cold.     A    label    is    att.ichcd    to   the    wounded   man   briefly 


1'  iG.  9.— .V  diHiciilt  turn. 

describing  the  nature  of  his  injury,  and,  if  some  time 
IS  likely  to  elapse  before  he  can  be  removed  out  of  the 
hnng  line  a  together,  a  dose  of  tetanus  antito.xin  is  given. 
J  he  medical  otticer's  outfit  includes  everything  necessary 
tor  such  purposes,  as  also  for  the  arrest  of  haemorrhage, 
the  splinting  of  fractures,  and  the  antiseptic  treatment  of 
wounds;  but  he  is  not  expected  or  desired  to  undertake 
formal  operations. 

WoKK  IN  THE  Open. 
If  the  unit  to  which  he  is  attached  be  taking  part  in  an 
advance,   the  duty  of  a  battalion  medical  officer  usually 
requires  him  to  wait  till  the  attack  has  been  launched.     \''s 


u-^^?.h  10;7.""'Sramnmlio  view  of  a  section  of  a  communicatioa 
low  ,„ t  n  r"  °',  "'"  '=°"°"S-  "lie™  "■o  subsoil  «aler  lies  so 
m-otec  ?o,w,  ,  Jfl"  -"-^r  °'  ^'"""^"«s  are  re.iuired  to  secure 
l.iottctiou  loin  rifle  tire  tor  a  man  a  little  over  si.i  feet  high  It 
has  a  boarded  footway  at  the  bottoui.  and  the  sides  ore  lined  with 
wu-e,  uettiuH  sui.poited  on   spiked   stakes.    Although   in  perfect 

he''.;von?d'i"""f'7''?,!"^  ''?"°'"  '^  ""'y  ""^""t  twofee  .  and  at 
the  ground  level  about  lour  feet. 

soon  as  he  sees  reason  to  believe  that  his  battalion  is 
holding  its  own,  but  that  casualties  are  occurring,  be 
advances  with  his  men  and  hunts  for  a  spot  where  h'e  can. 
establish  a  regimental  aid  post. 
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If  tlie  area  ovei'  which  the  attack  is  to  be  launched  is 
well  known  because  pi-eviously  occupied  ov  successfully 
reconnoitred  by  aeroplane  or  other  observation,  the  front- 
line maps  prepared  for  the  use  of  the  head  quarters  of  the 
■battalion  going  into  action  or  occupying  the  front  trenches 
may  indicate  to  the  medical  officer  where  he  is  likely  to 
find  a  good  place  for  liis  regimental  aid  post.  Otherwise 
he  must  trust  to  his  own  judgement  and  enterprise, 
selecting  a  dip  in  the  ground,  an  enemy  trench,  a  mine 
crater,  a  large  shell  hole,  anything  that  will  serve  to 
protect  his  wounded  from  direct  tire;  in  any  case  it  is,  if 
possible,  near  a  road.  He  starts  as  soon  as  possible,  not 
only  because  his  services  are  needed,  but  also  because  the 
enemy,  as  soon  as  the  attack  has  been  launched,  is  likely 
to  try  and  cut  off  the  arrival  of  supporting  troops  by  a 
curtain  of  shell  tire. 

His  regimental  aid-post  having  been  established,  and 
any  patients  that  had  been  brought  to  it  having  been  duly 
treated,  the  M.O.  probably  goes  to  see  cases  which  his 
orderlies  have  found,  but  have  not  been  able  to  move,  or  to 
which  his  attention  is  otherwise  attracted.  For  these  he 
•does  what  he  can.  and  if  they  cannot  be  moved  to  the 
regimental  aid-post  on  account  of  their  condition  or  the 
heaviness  of  the  tighting,  he  tries  to  collect  them  into 
groups,  so  tliat  they  can  be 
found  again  easily  and  moved 
later  on.  If  the  area  over 
which  Lis  battalion  has  been 
tighting  is  extensive,  he 
perhaps  leaves  an  orderly  in 
charge  of  the  larger  groups. 
The  whole  of  this  work  is 
highly  dangerous,  since,  apart 
from  being  done  under  rifle 
tire,  the  artillery  iiie  intended 
to  prevent  the  arrival  of  sup- 
porting troops  often  affects  the 
neighbourhood  in  which  the 
M.O.  and  his  men  are  neces- 
sarily working. 

Of  the  men  who  are  not 
so  seriously  wounded  as  to  le 
unable  to  walk,  a  good  many 
probably  tind  their  way 
straight  to  the  rear  after 
applying  their  own  field  dress- 
ings or  getting  them  applied 
by  a  comrade.     Others  make 

their  way  to  the  regimental  aid  post,  and  there  they 
remain  with  the  stretcher  cases  until  their  wountls 
have  been  dressed  and  the  tiring  slackens  sufficiently  to 
enable  them  to  make  their  way  to  the  rear. 

The  stretcher  cases  remain  until  ambulances  come  up 
to  fetch  them,  and  unless  the  figliting  is  very  heavy  this 
process  of  evacuation  will  begin  very  shortly  after  the 
action  itself;  otherwise  it  is  likely  to  be  deferred  until 
nightfall,  when  in  any  case  a  search  will  be  made  of  the 
area  over  which  the  battalion  lias  been  fighting. 


FIELD  AiIBUL.\NCES. 

The  medical  unit  lying  next  behind  a  regimental  aid 
post  is  one  of  those  whose  functions,  though  not  neces.sarily 
their  organization,  have  been  considerably  augmented  or 
otherwise  varied  since  the  war  began,  in  accordance  with 
local  requirements. 

Originally  its  main  duty  was  to  relieve  of  their  sick  and 
wounded  the  regimental  aid  posts,  helping  them  also  to 
clear  the  field  at  nightfall  or  whenever  there  was  a  pause 
in  the  battle,  and  treating  the  cases  until  it  was  possible 
to  send  them  to  treatment  centres  well  away  from  the 
front.  It  had  to  serve  in  this  way  simultaneously  three  or 
four  battalions,  all  presumed  to  be  in  action  on  an  ex- 
tended front,  and  the  better  to  tit  it  for  this  work  a  tield 
ambulance  was  made  divisible  into  three  sections,  each 
•capable  of  acting  independently,  and  each  again  divisible 
into  a  stretcher-bearer  subdivision  for  collecting  the 
wounded  and  a  tent  subdivision  for  treatment  of  the 
patients. 

In  several  of  the  localities  in  which  the  British  army 
has  been  tighting  during  the  last  three  years  tield  ambu- 
lances have,  no  doubt,  been  working  on  this  plan,  but  in 
France  the  conditions  have  necessitated  a  moditication  of 
their  work  and  also  to  some  extent  of  their  constitution. 


Eotraiice  to  aLivauced 
of  a  partly  ru 


Each  remains  diviiiiblii  as  before,  and  each  still  nnsscases  ten 
vehicles  for  the  conveyance  of  wouiitled,  but  seten  of  tLese 
are  now  motor  ambulance  cars,  replacing  seven  horse- 
drawn  ambulance  wagons,  and  of  the  nine  original  medical 
oBicers  one  has  been  withdrawn.  Furthermore,  though 
every  A.IJ.M.S.  (senior  officer  of  a  division)  still  has  three 
field  ambulances  under  his  direct  command  for  the  work 
of  his  division,  and  each  of  these  retains  its  capacity  to 
work  as  an  independent  unit,  he  sometimes  combines  forces 
with  the  A.D.M.S.  of  another  division,  or  the  tield  ambu- 
lances of  all  the  divisions  of  an  army  corps  are  in  effect 
massed. 

The  duties  they  collectively  perform  are  now  practically 
as  follows : 

1.  To  collect  the  sick  and  wounded  from  battalions, 
whether  these  be  actually  tighting,  serving  as  supports,  or 
temporarily  resting  out  of  the  line. 

2.  To  decide  what  cases  must  be  evacuated,  and  what 
shall  be  treated  at  the  front. 

3.  To  provide  permanent  treatment  for  these  who  fail  to 
pass  through  the  filter  thus  established,  and  for  the  rest 
temporary  treatment  pending  evacuation. 

4.  To  pursue  a  like  course  in  respect  of  local  sick,  that  is 
to  say,  cases  of  illness  or  injury  arising  amongst  the  large 

number  of  men  who  never 
take  j)art  in  the  actual  tight- 
ing, but  whose  presence  just 
in  the  rear  of  the  fighting  line 
is  essential  to  military  opera- 
tions. 

5.  To  provide  for  the 
cleansing  at  frequent  in- 
tervals of  the  persons  of  the 
men,  the  ridding  of  their 
clothes  from  vermin,  and  their 
disinfection  when  epidemic 
disease  is  in  question. 

6.  To  fill  any  gaps  in  the 
medical  establishments  of 
regiments,  and  to  train 
medical  officers  and  men  for 
this  work  by  sending  them 
lor  a  time  to  the  battalions 
to  see  how  regimental  work 
is  done. 

7.  To  provide  temporary 
assistance  when  needed  to 
casualty      clearing      stations 

of    which   the     divisional   tield 


dressing  station 
ined  house. 


the   cellar 


belonging    to    the   army 
ambulances  form  part. 

8.  To  establish  advanced  operating  stations  for  imme- 
diate emergency  operations,  such  as  those  required  in 
cases  of  abdominal  wounds. 

9.  To  supplement  the  sanitary  work  of  battalion  medical 
officers  when  the  battalions  concerned  are  located  in  places 
which  are  out  of  the  tighting  line  but  not  in  direct  charge 
of  the  sanitary  staffs  of  the  army  of  which  the  battalions 
form  part. 

10.  To  do  for  divisions  and  corps  any  work  for  which 
provision  has  not  yet  been  made  by  the  army,  and  which 
requires  for  its  performance  the  kind  of  scientific  know- 
ledge medical  officers  commonly  possess. 

It  may  be  said,  in  short,  of  the  British  armies  in  France 
that  their  tield  ambulances  are  the  medical  bonne  a  tout 
fairc  of  the  front. 

No  single  tield  ambulance  ever  undertakes  simultaneously 
all  the  duties  mentioned,  and  the  way  in  which  they  are 
allocated  varies;  for  the  environment  of  the  divisions  are 
not  identical,  and  the  senior  medical  officer  of  each  of 
the  armies  and  corps  on  the  Western  front  (subject  to 
orders  from  a  higher  authority)  exercises  his  discretion  as 
to  the  fashion  in  which  he  provides  for  the  aggregate 
medical  requirements  of  the  troops  in  his  charge.  The 
experiences  of  field  ambulance  medical  officers  are  there- 
fore liable  to  differ,  more  especially  if  the  period  over 
which  they  are  compared  is  relatively  short.  Commonly, 
whatever  duties  have  to  be  performed  are  taken  in  turn  by 
each  tield  ambulance  available,  the  period  for  which  it 
remains  employed  thereon  varying  according  to  circum- 
stances. 

If  a  division  is  engaged  in  an  active  part  of  the  line 
its  evacuation  work  is  usually  sufficient  to  occupy  the 
attention  of  all  its  tield  ambulances,  and  the  same  is 
true  of  those  of  a  corps  when  this  is  taking  part  in  an 
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advauco  or  deliiiilo  batUo.  In  such  cases  tlio  otlici- 
duties  aro  assigned  to  tlie  ambnlaucesi  of  rcsovvo  of  otlicr 
divisions. 

In  ti-encli  warfare  each  division  enjjaged  generally  makes 
its  own  an'aiigenu'iits  I'oi-  ovacnation,  tlio  anibnliinccs 
belciiigiiir;  to  it  sometimes  acting  as  iudeiicndent  units, 
sometimes  pooling  their  resoui'ces. 


push 


ed 


The  Advancki)  DitEssiNii  Station. 

A  section  of  the  oftiuers  and  men  availabli 
up  to  form  an  advanced  dress- 
ing station  at  some  place 
within  easy  reach  of  the 
regimental  aid  posts  of  the 
battalions  in  action.  They 
choose  a  place  on  or  close 
to  a  road,  so  that  the  patients 
brought  down  from  the  bat- 
talion aid  posts  can  be  sent 
back  rapidly  from  the  ad- 
vanced dressing  station  in 
wheeled  vehicles  to  the  place 
where  the  field  ambulance 
head  quarters  or  main  dress- 
ing station  has  been  estab- 
lislied. 

Tiie  advanced  dressing  sta- 
tion is  always  exposed  to 
artillery  fire,  and  though  some- 
times the  crypt    or    cellar    of 

a  still  standing  but  more  or  less  wrecked  building,  such 
as  a  church  or  large  school,  may  be  available  (Fig.  llj  its 
habitation  is.  as  a  rule.  m?rely  an  enlarged  edition  of  a 
regimental  aid  post.  (Figs.  12  and  13.)  Its  equipment 
and  orgaiiization  likewise  resemble  that  of  a  regimental 
aid  post,  but  is  larger,  because  an  advanced  dressing  station 
is  rarely  in  touch  with  less  than  four  regimental  aid  posts. 
To  these  it  sends,  as  often  as  required,  suf&cient  stretcher 
bearers  to  clear  them  of  waiting  cases,  and  if  any  consider- 
able number  of  men  have  been  left  in  the  trenches  till 
nightfall,  it  helps  to  remove  them,  and  retains  them  till 
they  are  tit  to  be  sent  further  towards  the  rear. 

Tlie  way  in  which  it  brings  down  its  patients  varies  in 
different  parts  of  the  line  and  according  to  the  amount 
of  tightingin  progress.  Some- 
times patients  are  hand- 
carried  all  the  way  down 
through  a  winding  communi- 
cation trench  a  mile  or  more 
long.  Sometimes  they  are 
carried  straight  across 
country,  though  the  latter  is 
possible  only  at  night  or 
when  the  ground  traversed  is 
dead  ground — that  is,  an  area 
which  cannot  be  reached  by 
rifle  tire,  and  not  too  mucli 
hampered  by  wire  eutangle- 
n>ents.  There  are  also  a  lew 
places  in  which  the  trenches 
have  an  overhead  tram-rail, 
and  the  wounded  men  can 
be  transported  on  a  special 
ambulance  trolley  suspended 
from  it  (Fig.  14l.  and  many 
areas  are  provided  with  tram- 
lines along  which  run  for  the 
greater  part  of  the  distance 
to  be  traversed  small  lorries 
capable  of  carrying  two  or 
four  patients.  There  are 
others  at  wliich  it  is  possible  for  the  advanced  dress- 
ing station  to  clear  some  at  least  of  its  battalion  aid 
posts  by  sending  up  a  hovse  ambulance.  The  means 
most  commonly  employed,  however,  is  a  wheeled 
carrier,  of  which  several  types  are  shown  in  Figs.  15 
and  16. 

Once  arrived  at  the  advanced  dressing  station  the 
patients  are  rested,  fed  and  dressed,  if  necessary,  and 
otherwise  prepared  to  continue  their  journey,  wliich  in 
most  cases  will  commence  as  soon  as  ambulance  cars  or 
wagons  arrive  from  the  field  ambulance  head  quarters  or 
main  dressing  station  to  fetch  them. 


Ailvdnccil  Operiithiij  Strilion. 
CommoMly  it  is  only  by  night  that  an  advanced  dressing 
station  can  clear  the  regimental  aid  posts  with  which  it  is 
in  touch.  In  the  case  of  an  abdominal  wound,  however, 
considerations  of  risk  from  rifle  and  shell  tire  arc  set 
aside  both  at  the  regimental  aid  post  and  the  advanced 
dressing  station,  and  tlie  patient  is  got  down  forthwith 
and  sent  to  the  rear  in  a  special  ambulance  car,  kept,  if 
possible,  for  this  purpose  in  a  dug-out  near  the  advanced 
dressing  station,  or  summoned  from  the  main  dressing 
station  or  ambulance  head  quarters  by  telephone  or 
■  ■  messenger.  The  patient  goes 
not  to  the  main  dressing 
station,  but  either  straight 
to  a  casualty  clearing  station 
or  to  a  field  ambulance  unit 
specially  arranged  for  the  in- 
stant performance  of  laparo- 
tomies, etc.  Such  a  unit  is 
called  a  corps  or  advanced 
operating  station,  and  is  estab- 
lished whenever  the  placing 
of  a  casualty  clearing  station 
within  suitable  distance  of 
the  part  of  the  line  concerned 
is  likely  to  be  delayed. 


Fig.  12.  — Diagram,  di-awu  from  memory,  of  tho  entrance 
end  of  a  small  "tube"  above-ground  advanced  dressing 
staliou.  It  is  built  of  curved  sheets  of  corrugated  steel 
surrounded  by  sandbags  and  earth,  etc. 


Leading  down  to 


Varijing  Conditions. 
The  ambulance  vehicles 
serving  the  advanced  dressing 
stations  almost  always  have  to  traverse  roads  exposed  to 
shell  fire,  if  not  to  rifle  tire,  and  efforts  are  made  in  various 
ways  to  protect  their  occupants  from  further  injury. 
"When  only  trench  warfare  operations  are  in  progress  most 
of  the  work  is  doae  under  cover  of  nightfall,  thouch  the 
depth  of  the  darkness  may  be  disclosed  from  time  to  time 
by  the  flashing  of  guns,  bursting  of  shells,  and  the  soaring 
of  rockets.  The  ambulance  transport  which  comes  up  to 
fetch  the  patients  approaches  and  leaves  the  advanced 
dressing  stations,  as  it  were,  stealthily ;  and,  after  any- 
thing like  a  quiet  day,  two  or  three  trips  at  most  may 
complete  the  v^hole  evacuation. 

When,  however,  the  division  or  corps  is  taking  part  in 
an  advance  or  definite  battle  the  reverse  is  the  case.    Hour 

after  hour  and  sometimes 
for  weeks  there  is  a  constant 
inflow  of  stretcher-borne  men, 
and  ambulance  vehicles  con- 
tinually arrive  to  carry  away 
the  patients  who  have  re- 
ceived the  attention  they  re- 
quire; on  these  occasions  the 
only  precautions  taken  are  to 
keep  at  a  sufficient  distance 
apart  so  that  no  single  shell 
shall  have  the  chance  of  de- 
stroying two  cars,  and  to 
travel  sufficiently  slowly  to 
avoid  jolting  the  injured 
more  than  is  inevitable  on 
the  shell-pitted  roads.  It 
is  commonly  not  until  the 
battle  has  commenced  that 
an  advanced  dressing  station 
can  take  up  its  position, 
though  the  site  may  have 
l)een  chosen  in  advance. 
As  it  must  alwaj'S  be  on 
a  road,  so  as  to  ensure  rapid 
evacuation  yet  never  run 
the  risk  of  impeding  the 
military  work  in  progress,  the  choice  is  often  very  limited. 
More  likely  than  not  it  will  be  in  a  deserted  trench  or 
enemy  dug  out,  but  it  is  always  contrived  so  that  the 
incoming  and  outgoing  streams  of  wounded  shall  not  meet, 
and  that  the  more  serious  cases  can  be  dressed  separately 
from  those  that  are  slight.  Provision  is  also  made  for 
cases  which  may  have  to  be  kept  for  some  little  time  on 
account  of  their  condition,  and  for  protecting  them  from 
gas  attacks. 

Divisional  Colhctint/  Post. 
The  majority  of  cases  with  which  it  deals  are  "  lyers" 
— that  is  to   say,   men  who  reach  it  on  stretchers.     The 


dressing  station  30  ft.  under 
■the  surface. 
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Fig.  14.— The  oveiiiead  tr.ai 
tbrougb  th 

If  tlie  ti"litin"  is  at 


"walkers" — that  is  to  saj',  ni  011  who  can  find  thoir  own 
way  to  the  rear — are  usually  shepherded  off  by  patrols  in 
advance  of  the  dressing  station  to  another  field  ambulance 
station  known  as  the  divisional  collecting  post,  established 
when  a  big  advance  is  in  progress. 

If  the  area  over  which  the  corps  is  fighting  is  wide,  it 
usually  establishes  two  advanced 
dressing  stations  and  two 
divisional  collecting  posts  in 
different  parts  of  the  field.  The 
field  ambulance  medical  officers 
at  its  disposition  may  be  suffi- 
cient for  this  purpose,  but  in 
respect  of  stretcher-bearers  it  is 
always  short-handed  if  the  fight- 
ing be  reall}'  heavy,  consequently 
on  these  occasions  its.  own 
stretcher-bearers  are  reinforced 
from  vaiious  sources. 

If  the  troops  in  action  are 
very  successful  and  make  a 
prolonged  advance,  an  advanced 
dressing  station  may  no  sooner 
have  established  itself  to  its  own 
satisfaction  tlian  it  has  to  make 
a  fresh  move  to  get  into  close 
touch  with  the  regimental  aid 
posts. 

It  will  be  obvious  from  wljat 
has  been  said  that  work  in  and 
around  advanced  dressing  sta- 
tions, whether  in  trench  warfare 
or  in  a  definite  battle,  is  attended 
by  considerable  risk.  The  fact 
that  it  is  often  exceedingly 
laborious  may  uot  be  so  apparent, 
all  heavy,  the  work  as  a  whole  continues  without  pause 
for  many  hours  ;  and  while  the  carriage  of  a  full-grown 
man  over  a  mile  or  so  of  rough  ground  is  never  a  light 
task,  it  becomes  absolutely  e.\hausting  when  at  each  step 
the  bearers  have  to  drag  their  feet  out  of  thick  mud,  and 
when  their  clothes,  like  tho.se  of  the  patient,  are  soaked 
with  rain. 

The  M.4IN  Dressing  St.\tion. 

The  main  dressing  station  is  formed  by  the  head 
quarters  of 
the  field  am- 
bulance or 
group  of  field 
ambulances 
responsible 
for  the  main- 
tenance of  the 
advanced 
dressing  sta- 
tions. As  it 
is  liable  to 
have  to  retain 
the  sick  and 
wounded  sent 
down  to  it  for 
some  little 
time,  it  is 
placed  suffi- 
ciently far 
behind  the 
advanced 
dressing  sta- 
tion to  be  out 
of  range  of 
any  but  heavy 
artillery  fire. 

The  exact 
nature  of  its 
work  depends 
a    good    deal 

on  local  circumstances,  including  the  character  of  the 
fighting  in  progress.  Sometiuies  it  confines  itself  mainly 
to  administrative  work — that  is  to  say,  to  classifying  the 
cases  that  arrive,  and  distributing  them  for  treatment 
according  to  their  requirements  among  subsections  formed 
by  itself  or  other  units  with  which  it  is  connected;  some- 
times it  combines  this  work  with  actual  treatment. 
However   this   may   be,   it  always  arranges  to   x'est,  dry, 


>  tor  hull 
e  trenches 


Fig.  15. — A  collection  of  wheeled  stretcbei'S  and  a  motor  ambulauce. 


warm,  and  feed  the  patients  that  reach  it,  and  for  giving 
them  any  surgical  attention  they  need  before  they  can 
safely  be  sent  on  elsewhere.  It  is  here,  too,  that  all  cases 
of  wounds  are  examined  to  see  that  antitetanus  serum  has 
been  given. 

The  first  step  is  necessary  because,  despite  the  greatest 
possible  care,  the  transport  of 
a  wounded  man  from  the  place 
where  he  has  fallen  to  a  place 
as  far  back  as  a  field  ambulance 
main  dressing  station  mustalways 
be  very  trying,  even  if  his  wound 
be  not  very  severe,  and  even  if 
his  clothes  are  not,  as  is  com- 
monly the  case,  soaked  with  rain 
and  mud.  The  second  step  is 
necessary  because  in  an  advance 
the  casualties  are  certain  to  be 
numbered  by  hundreds,  and  while 
many  may  not  need  to  be  sent 
away  from  the  real  front,  opera- 
tions and  a  period  of  real  rest 
may  be  necessary  in  the  cases  of 
many  others  before  their  evacua- 
tion is  possible. 

Oases  which  require  evacua- 
tion are  sent  to  a  railhead  hos- 
pital or  casualty  clearing  station, 
and  whether  their  detention  at 
a  main  dressing  station  be  momen- 
tary or  prolonged  depends — as- 
suming transport  to  be  available 
— partly  on  their  condition  and 
partly  on  the  distance  to  be  tra- 
vei-sed  to  reach  a  railhead  hospital. 
For  other  cases  it  provides  sometimes  by  furnishing 
treatment  itself,  sometimes  by  sending  the  cases  on  to 
field  ambulances  or  other  medical  units  set  aside  for  the 
purpose  of  special  treatment.  In  every  corps  area,  for 
instance,  if  uot  in  every  divisional  area,  provision  is  made 
by  the  field  ambulances  for  the  treatment  of  cases  of 
trifling  sickness  and  injury,  or  of  men  who  are  temporarily 
exhausted  or  footsore.  Special  arrangements  are  also 
made  for  the  treatment,  without  evacuation,  of  more  or  less 
easily  cured  skin  diseases,  such  as  scabies,  as  also  for  the 

isolation  of 
cases  of 
zymotic  dis- 
order and  of 
c  ontacts 
therewith. 
Every  army, 
,'   ■  too,     has     at 

its  service 
centres  which 
deal  with  eye 
cases,  dental 
disorders,  and 
neuroses. 

The  object 
throughout  is 
to  avoid  the 
u  n  n  e  c  essary 
evacuation  of 
cases  that  can 
be  treated  at 
the  front,  for 
a  soldier,  once 
evacuated,  is 
likely,  how- 
ever quick  his 
recovery,  to 
be  lost  to  his 
unit  for  a 
considerable 
time,    since 

any  patient  sent  further  to  the  rear  than  one  of  the 
treatment  centres  mentioned  above  ceases  for  the  time 
being  to  belong  to  the  army  in  which  he  had  previously 
been  serving,  and  cannot  be  restored  to  it  except  by 
passage  through  a  regulated  channel.  Every  patient 
evacuated  from  a  field  ambulance  has  what  is  known  as  a 
field  medical  card  substituted  for  his  regimental  label.  It 
contains  particulars  as  to  bis  name  and  army  status,  a 
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diagnosis  of  bis  condition,  and  details  as  to  whotlior  ho 
lias  .-cooivoa  tiK.  loquisito  prophvlactio  doses  of  tetanus 
antitoxin  and  any  otlu.,-  infonnation  deemed  likely  to  be 
usetnl  to  those  «li„  will  subs<.,|„,.nlly  treat  him. 

Ihe  aeeoininodation  provided  for  a  fiel.l  an.iinlanco  main 

di-essinf.  station  vanes  aecoi-dinj;  to  the  amount  of  worl;  that 
It  has  to  luulei-tako,  and   may   be;  anythinj.  fioui   a   villas 

school  to  a  eolleetioii  ol  tents.     Sueh  aeeoininodation  as"t 

possesses  is  arranged  in 

imich  the  sauic  fasliion 

as  at  an  advaiu^ed  dress- 

iiiK    station,  but    every- 

thing  is  on  a  lai-oer  seale 

and  tlio  eijuipment  more 

elaborate,     it  is  tiius  in 

a  position  to   undertake 

formal  operations, tliough 

it    usually    limits    itself 

to    those  essential    to    a 

patient's  safe  evacuation. 
The  heaviness   of  the 

work    varies   in    propor- 
tion to  that  of  the  units 

further  up  tlie   line.      If 

the     latter    liave     been 

hard   pressed,    many   of 

the  cases  will  reach  the 
field  ambulance  un- 
touched e.xcept  for  their 
field  dressings,  and,  even 
if  nothing  else  be  re- 
quired, special  splints 
may  have  to  be  sub- 
stituted for  improvised 
appliances.  On  sueh 
occasions  each  corps 
conjinouly  provides  itself 
with  two  main  dressing 
stations    lying    close 

together,  but  working  independently,  one  dealing  with 
s tre  Cher  eases,  the  other  with  '"walkers."  The  patients 
of  the  former  reach  it  in  ambulance  wagons  or  cars 
while  those  of  the  latter  commonly  arrive  in°char.A-banc^ 
which  have  been  sent  np  to  meet  them  as  far  along  the 

can  be  got.  This  varies,  for  when  a  bi<i  action  is  in 
progress  the  traffic  on  all  available  roadsis  very  heavy 
rortLtdtglZI.^  ^"^^^'^^  "'  all  kinds  being  Lentili 
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Fig.  16.— a  wheeled  stretcher,  pneumatic  tj  n^ 


,  ^  SiiiiilaHon. 

The  general  sanitation  of  eaoh  army  is  under  the  sliper- 
visioii  ot  an  expert  attached  to  its  Director  of  Medical 
Services,  while  in  each  division  there  is  a  special  sanitarv 
section,  the  oHieer  commanding  it  acting  as  sanitary 
expert,  and  advising  on  sanitary  matters  eonnected  with 
the  division  and  its  comjionent  battalions  and  other  units 
-liaeh  ot  these  sanitary  sections  has  a  small  stalf  of  non- 
commissioned officers  and 
men  and  plenty  of  equip- 
iiient,  such  as  disinfect- 
ing machines,  which 
accompany  the  division 
wherever  it  goes,  while 
incinerators  and  the  like 
are  rapidly  constructed 
the  moment  it  settles 
down. 

Hattaliou  medical 
officers  draw  their  sup- 
plies of  drugs,  dressings, 
etc.,  from  the  field  am- 
bulances connected  with 
them,  and  these  in  their 
turn  from  the  advanced 
depots  of  medical  stores, 
one  or  more  of  which  is 
to  be  found  in  every  army 
area. 


MOTOK  AMBULANCE 
CONVOYS. 
The  field  ambulances 
■ire  responsible  for  the 
transport  of  sick  and 
wounded  from  the  ad- 
vanced dressing  stations 
to  the  main  dressiuo 
when   working  in  reserve 


ivi        .,  '^T^'^''  ^'^ONT  Line  Work. 

\\hen  the  work  of  collecting  and  evacuatin-.  the   sick 

^,s:x^i::^T' '" ''--'  ^"^'^^  ^^-^^^^ 

a  division  or  corps,  any 
other  work  which   they 
bave     previously      been 
performing    is    assigned 
to  those  of  divisions  not 
in  action,  or  it    is    pro- 
vided for  in  some  other 
W'ay.   The  general  nature 
of  its  work  is  indicated 
in  the  list  given  of  the 
duties     commonly    per- 
formed    by     field     am- 
bulances.   When  bathing 
establishments    are   run 
as  corps  or  army   units, 
and      sometimes      even 
when  they   are   run    by 
single     divisions,     the 
arrangements     always 
include  the  provision  of 
fresh   underclothing   for 
bath. 

tlu'^";  '=,';':""°"'y  "°t  ™0''e  tlian  ten  days  elapse  between 
clAnte  i'l""^  TfV  °^  'V battalion  most  liritish  soldiers 
cliange  their  body  linen  with  comparative  frequency,  and 

coiifort    nt  "'■  ''   """'^  ■^'"'^■r'  ""'^  '"  .securing- U.ei 
m  id,s     i       '"   l"f'^^'-^'"g    "'t---    I'ealth.     The  bathing 
pa.ades   also    afford    opportunities   for    picking   out    mea 
suflfering  from  any  form  of  skin  complaint 
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every   man    who 


-Motor  anibulniico  convoy  parked  i 
has    taken 


stations,  and  also,  but  only  ...._  .,..^.^„  ,„  ^-eserve 
or  resting  troop  areas,  for  the  conveyance  of  sick  to 
the  casualty  clearing  stations.  The  vehicles  at  their 
disposal  suffice  for  these  purposes,  though  it  mav  be 
necessary  to  supplement  them.  Should  the  fi^htino 
be  iieavy  and  the  casualties  numerous,  they  a?e  not 
intended  to  transport  patients  from  the  main  dress- 
ing stations  to  the  casualty  clearing  stations  This 
IS  the  work  of  the  medical  transport  units,  called  motor 
ambulance  convoys,  one  of  which  is  allotted  to  every 
army  corps  (Fig.  17).  It  also  carries  to  the  ambulance 
trains  the  evacuable  patients  of  any  advanced  hospitals 
which  do  not  lie  immediately  alongside  a  railway  line 
ihey  are  also  employed,  should  pressure  on  the  work  of 
the  ambulance  trains  be  severe,  in  evacuating  cases  from 

the  casualty  el  carina 
stations  to  the  base  hos*^ 
pitals  by  road,  and  some- 
times to  transport  indi- 
vidual patients  whose 
early  arrival  at  a  base 
is  thought  advisable,  and 
who  can  be  got  there 
more  promptly  by  road 
than  if  detained  for  the 
arrival  of  a  hospital  train. 
Each  convoy  consists 
of  fifty  vehicles,  usually 
divided  into  two  large 
and  one  small  sectio"i. 
The  latter  is  commonly 
employed  solely  for  train 
embarkation,  and  is  tlien 
attached  to  one  of  the 
group  of  casualty  cloar- 
1       ii  1  ing   stations,   and    works 

inder  the  orders  of  its  commandrng  officer  T lie  Xr 
two  sections  are  each  under  the  "ontrol  of  a  nuVto- 
convoy  medica  officer,  who  is  personally  re.sponsib^ 
for  the  sate  delivery  of  all  patients  loaded  on  1 1  e 
ambulance  cars  ,n  his  charge.  Whenever  po.ssibic  he 
atte"  tirZvr  -^•^-  I'f-'ally.not  only  Lanse  1  ^ 
attention  may  be  required  by  a  patient,  but  also  in  order 
dPsir^fl  n"  ."'"  "■-•'>I,'"'S  pace.  Within  limits  ?  is 
desi.ablo  that  convoys  should  get  oyer  the  ground  quickly 
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and  when  roads  are  crowded  by  ammunition  and  general 
supply  lorries,  all  anxious  to  complete  their  duties  without 
loss  of  time,  the  presence  of  an  officer  with  the  ambulance 
convoy  section  ensures  it  a  freer  passage  than  it  might 
otherwise  obtain.  On  the  other  hand,  tliere  may  be 
certain  patients  for  whom  a  slow  travelling  pace  is  desir- 
able throughout,  unless  the  surface  of  the  roads  prove  ex- 
cellent—a matter  about  which  there  is  always  uncertainty. 

Each  motor  aiiibulance  car  can  carry  six  or  eight  patients 
sitting  up,  or  four  lying  down.  To  neutralize  the  tendency 
to  shoclc  exhibited  by  so  many  wounded  men  the  vehicles 
are  now  generally  heated  automatically  by  the  exhausts 
(Fig.  I81,  and  are  also  provided  with  hot- water  bottles. 

The  motor  ambulance  convoys  are  an  outcome  of  the 
circumstances  of  the  war  in  France,  and  an  example  of 
the  ingenuity  of  the  Royal  Army  Medical  Corps  in 
promptly  adapting  its  arrangements  to  the  needs  from 
time  to  time  arising.  Before  the  war  the  Royal  Army 
Medical  Corps,  in  common  with  the  medical  services  of 
the  armies  of  all  other  countries,  had  to  depend  for  the 
transp  rt  of  casualties  between  advanced  fornjations  such 
as  field  ambulances,  and  rearward  units  such  as  railhead 
hospitals,  on  the  use  of  supply  wagons  going  back  empty 
to  the  rear.  It  was  the  only  arrangement  feasible  at  the 
time,  and  though  admittedly  far  from  ideal,  was  suitable 
enough  for  the  small  wars 
in  more  or  less  uncivilized 
countries  to  which  Great 
Britain  had  been  accustomed, 
and  not  involving  any  very 
large  number  of  casualties. 

The  experience,  liowever, 
of  a  few  engagements  at  the 
beginning  of  the  war  showed 
the  Director  of  Medical 
Services  of  tlie  original 
Expeditionary  Force  (Sir  T. 
Woodhouse)  that  the  means 
in  question  would  not  suffice 
for  his  needs,  while  at  the 
same  time  he  found  that, 
in  the  removal  of  patients 
capable  of  sitting  up,  ordi- 
nary touring  cars,  of  which 
offers  were  made  to  him  by 
various  French  and  other 
residents  in  Paris,  could  be 
of  real  assistance.  After 
some  of  these  had  been 
fitted  with  bodies  very  like 
those  now  used  in  all 
motor  ambulance  work,  and 
others  had  been  sent  out  from 
home,  he  arranged  two  e.\- 
perimental  convoys,  which 
laegan  to  work  between  the 
Aisne  and  Paris  in  the  first  days  of  October,  1914.  This 
experiment  having  proved  that  motor  ambulances  could 
be  used  with  safety  for  long,  rapid  transport  and  over 
cobbled  roads,  and  not  only  tor  short  Journeys  in  cities 
and  suburbs,  as  had  previously  been  supposed,  the  Director- 
General  of  Medical  Services  (Sir  Arthur  Sloggett)  on  his 
arrival  in  France  at  the  end  of  October  decided  to  adopt 
motor  ambulance  convoys  as  a  definite  component  of  the 
arrangements  of  the  Royal  Army  Medical  Corps  in  France. 
It  was  a  decision  of  whose  wisdom  convincing  evidence 
was   quickly   forthcoming. 

CASUALTY  CLEARING  STATIONS. 
The  railhead  hospital  or  casualty  clearing  station  may 
theoretically  be  described  in  several  ways. 

1.  As  the  administrative  junction  between  the  lower 
limit  of  the  collecting  zone  or  front  with  the  upper  limit 
of  the  evacuating  zone  or  lines  of  communications. 

2.  As  the  focal  point  to  which  converge  all  roads  leading 
from  the  front,  and  from  which  diverge  all  roads  leading 
to  the  base. 

3.  As  the  spot  wdiere  road  transport  ends  and  railway  or 
analogous  transport  begins. 

4.  As  the  ))lace  where  all  casualties  collected  from  main 
dressing  stations  are  dejiosited  until  the  moment  comes 
for  their  transport  through  the  evacuating  zone  to  the 
base  or  distributing  zone. 
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In  practice  the  casualty  clearing  stations  justify  all  four 
definitions  more  or  less  precisely,  but  the  fact  is  rather 
obscured  by  their  multiplicity  and  the  great  length  of  the 
front.  It  will  be  found,  however,  that  whatever  may  be 
the  position  of  a  given  casualty  clearing  station  there  are 
always  roads  that  lead  to  it  from  the  front,  and  that,  how- 
ever far  beyond  the  general  level  of  the  evacuating  zone 
it  may  seem  to  lie,  it  preserves  its  theoretical  relation 
thereto,  because  a  tongue  or  spur  has  been  thrust  up  to 
meet  it. 

Selection  of  Site. 
Two  of  the  essentials  in  the  selection  of  a  site  for  a 
casualty  clearing  station  are  ready  access  from  the  front 
for  motor  convoys  and  free  communication  with  the  base 
by  ambulance  trains.  A  third  is  plenty  of  room  for  the 
necessary  tents  or  huts,  a  free  water  supply,  and  safety 
from  any  but  extreme  range  artillery  fire.  To  find  a  suit- 
able site  is  often  difficult.  Adequate  room  and  protection 
from  artillery  fire  are  generally  easy  to  secure,  and  water 
can  be  piped  from  a  considerable  distance,  but  to  find  a 
place  which,  besides  being  suitable  in  other  respects,  is 
readily  accessible  by  road  from  the  main  dressing  stations 
concerned,  and  lends  itself  to  evacuation  to  the  base  by 
train,  is  much  more  difficult.  It  is  a  problem,  in  fact, 
which   can   often   be    solved   only   by   running   a   special 

branch  railway  up  to  the  pro- 
posed site,  or  by  choosing  a 
site  which  is  on  an  existing 
railway  but  at  a  considerable 
distance  from  the  main  dress- 
ing stations  that  have  to  be 
cleared. 

The  first  plan  involves 
heavy  expenditure  of  time 
and  labour,  and  is  usually 
adopted  only  when  later  on 
the  site  may  be  useful  for 
some  other  purpose,  or  when 
^  ^^^^^^  the  branch  line  can  be  made- 

J^'^I^^^HJI  •v^  ^^  Mm  to  serve  more  than  one  end. 

•  ^^^^^^        -'*«»■  rpjjg     second     solution     is 

therefore  the  commoner,  but 
it  is  to  be  remembered  that 
accessibility  and  shortness  of 
distance  as  tlie  crow  flies  are- 
not  interchangeable  terms. 
The  old  proverb,  "  The  longest 
way  round  is  the  shortest 
way  home,"  has  a  particular 
application  to  the  transport 
of  wounded  men.  Once  a 
man  is  in  a  well-sprung 
pneumatic-tyred  ambulance 
car  the  exact  distance  that  he 
travels  is  of  less  importance 
than  the  character  of  tli& 
roads  over  which  he  is  borne.  Hence,  independently  of 
all  other  considerations,  a  site  which  communicates  with 
the  front  by  good  roads  is  always  to  be  preferred,  even  if 
the  distance  to  be  traversed  be  treble,  to  one  which  can  be- 
reached  only  by  lanes  and  cart-tracks. 

This  is  one  reason  why  the  casualty  clearing  sta.tions  as- 
a  whole  are  distributed  irregularly  in  regard  to  their  dis- 
tance from  the  main  dressing  stations  they  serve.  The 
same  reason  also  helps  to  account  for  the  differences  in 
the  habitations  of  casualty  clearing  stations.  Some  are  in 
permanent  buildings  in  towns  or  villages,  some  in  huts  far 
away  from  all  other  buildings;  others  in  huts  and  tent- 
marquees,  others  in  tent-marquees  alone.  The  completely 
tented  casualty  clearing  stations  are  usually  found  to  be  in 
the  new  parts  of  the  line.  As  they  settle  down  they 
acquire  huts  for  operating  theatres  and  administrative 
purposes,  and  if,  later  on,  when  the  line  moves  forward, 
the  sites  that  they  occupy  are  likely  to  prove  suitable  for 
stationary  hospitals,  all  the  tents  are  replaced  by  Imts. 

The  Functions  of  a  Casualty  Clearing  Station. 
A  casualty  clearing  station  is  in  principle  a  mobile  unit, 
since  it  must  always  keep  within  reasonable  distance  of 
the  main  dressing  stations;  and  therefore  be  prepaied  to 
move  when  these  are  moved,  in  conformity  with  any  change 
in  the  tactical  situation  of  the  troops  they  serve.  Primarily 
it  is  an  evacuating  unit,  and  only  intended  to  act  as  a  hos- 
pital so  long  as  it  is  forced  by  cii'cumstances  to  retain  its 
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patiouts,  au(l  it  was  probably  iu  order  to  keop  its  status 
woU  in  tho  fori'i^rouiul  that  not  lon^;  after  tlie  war  be^;aTi 
the  title  "casualty  clearing'  station"  was  siibstitntc^d  lor 
tho  orif^inal  term  '"clearing  hospital."  l*'or  aeorrespondiii^ 
reason  every  casualty  cleariui^'  station  is  provided  with 
tlireo  lorries  of  snilieient  size  to  transport  at  a  moment's 
uotioo  all  tho  equipment  that  strictly'  speaking  it  is  entitled 
to  possess. 

IJut  howGVor  thoroughly  casualty  clearing  stations  niay 
justify  tho  suggestion  ot  their  title,  they  always  go  a  good 
deal  beyond  it;  for  their  functions  and  iiersonnel  have 
been  adapted  to  existing  circumstances  by  the  D.O.M.S.  in 
France.  Hence  they  are  no  longer  mere  stations  but  real 
hospitals,  despite  tho  fact  that  some  aro  only  about  six 
miles  from  the  lighting  line,  and  tew  He  further  off  than 
double  that  distance.  The  patients  are  nursed  by  traiueil 
women  nurses;  ordinary  liospital  beds  are  provided  for  tho 
more  serious  cases;  tho  opernting  theatres  have  usually 
four  operating  tables,  are  equijiped  with  electric  light,  and 
the  appliances  familiar  iu  the  hospitals  of  large  towns; 
.and  while  some  have  a;  ray  annexes  of  their  own,  all 
have  at  their  connnand  the  services  of  travelling  .r-ray 
outfits,  and  clinical  laboratory  work  is  done  for  them 
by  the  mobile  laboratories  which  are  commonly  to  be 
found  in  their  neighbourhood. 

When  a  casualty  clearing  station  has  been  established 
for  some  little  time,  the  chief  differences  between  it  and  a 
base  hospital  are  attributable  to  the  diversity  of  duties  that 
the  casualty  clearing  station  has  to  fulfil.  In  addition  to 
acting  as  a  true  hospital  for  a  short  or  long  period,  it  must 
always  be  ready  to  operate  ou  a  very  large  number  of 
patients,  and  to  evacuate  forthwith  those  that  can  safely 
be  moved,  and  must  also  be  able  rapidly  to  prepare  for 
immediate  evacuation  a  very  much  larger  number  of 
slight  cases.  It  must  also  bo  ready  suddenly  to  receive 
and  accommodate  iu  one  fashion  or  another  an  almost 
unlimited  number  of  sick  and  wounded.  Consequently,  in 
addition  to  whatever  accommodation  in  the  way  of 
actual  beds  it  may  possess,  it  must  provide  also : 

1.  Tents  in  which  men  lying  on  stretchers  can  be  kept 
under  cover,  and  receive  what  they  require  in  the  way  of 
food,  warmth,  and  surgical  attention. 

2.  Accommodation  for  classif3'ing  the  cases  that  arrive 
according  to  whether  they  must  uudergo  oijerations  under 
an  anaesthetic,  or  merely  require  some  such  attention  as 
the  redressing  of  a  wound  or  the  replacing  of  a  splint. 

3.  Accommodation  for  men  who  have  received  all  the 
attentions  they  need,  and  are  merely  waiting  to  be  loaded 
on  the  train. 

4.  Accommodation  for  the  performance  of  minor  surgery. 

The  Working  of  a  Casu.\lty  Clearing  Station. 

There  are  considerable  differences  iu  the  way  different 
casualty  clearing  stations  meet  these  needs,  but  in  regard 
to  definite  operatious  the  general  practice  is  to  provide 
sufficient  accommodation  and  personnel  for  the  per- 
formance of  at  least  four  operations  simultaneously  and 
continuously  for  an  unlimited  number  of  hours  or  days. 
Even  when  a  battle  is  in  progress,  of  the  wounded  men 
who  arrive  at  the  casualty  clearing  station  at  least 
10  per  cent,  must  visit  the  operating  theatre  before  tliey 
can  be  sent  to  the  base  hospitals. 

In  regard  to  other  matters  the  general  procedure  is 
usually  as  follows:  As  soon  as  a  convoy  arrives  the 
patients  are  all  off  loaded  promptly  so  that  the  ambu- 
lance shall  not  be  detained.  They  are  carried  into  a 
distributiug  room,  where,  while  a  clerk  takes  down  par- 
ticulars of  his  army  status,  etc.,  a  medical  officer  de- 
cides to  what  class  of  case  each  patient  belongs,  being 
guided  in  this  matter  partly  by  his  condition,  partly  by 
what  is  stated  ou  his  field  medical  card. 

Thus,  for  instance.  A,  who  has  an  abdominal  wound,  is 
sent  straight  to  the  operation-theatre  preparation  room. 
So,  too,  is  IJ,  wdio  has  a  wound  of  the  head  and  is  insen- 
sible. C,  who  has  a  wound  of  the  thigh,  rs  sent  to  the 
stretcher  case  dressing-room  ;  but  D,  who  has  an  apparently 
corresponding  wound,  is  for  some  reason  in  a  state  of 
profound  collapse,  and  is  therefore  sent  to  the  observation 
ward.  E  has  a  perforating  wouud  of  tho  upper  thorax, 
and  is  sent  to  the  chest  ward ;  wdiile  F,  who  has  a  fiesli 
wound  of  the  shoulder,  is  sent  to  the  walking  case 
dressing  room. 

When  \  arrives  iu  tlie  preparation  room  all  his  clothes 
are  removed,  and  he  is  got  ready  for  a  laparotomy,  wliich 


takes  place  as  soon  as  a  table  in  tho  thcatro  is  free. 
15,  in  addition  to  other  proparations,  has  his  head 
shaved,  and  is  sent  to  the  theatre  as  soon  as  a  surgeon 
and  auacstlu^tist  aro  ready  for  him.  It  may  be  decided 
that  no  craniotomy  shoiUd  be  performed,  at  all  events 
until  the  jjaticut  has  reached  a  base  hospital,  but  the 
case  must  bo  thoroughly  examined  before  this  conclusion 
is  reached. 

Cs  stretcher  is  placed  on  trestles  and  his  wound  care- 
fully exauuned  to  see  whether  any  o])eration  is  requireil; 
if  so,  he  too  is  sent  to  the  operation-theatre  preparation 
room;  otherwise  his  wound  is  redressed  and  an  extension 
or  other  splint  suitable  for  train  travelling  is  applie<l. 
I),  on  his  arrival  in  the  observation  ward,  is  put  to  bed  and 
submitted  to  various  antishock  measures  until  his  con- 
dition is  sullicieutly  good  for  an  elaborate  treatment  of  his 
w'ound.  [i,  on  his  arrival  in  the  chest  ward,  is  examined 
by  a  medical  officer  who  s])ecializes  in  internal  medicine. 

When  F  enters  the  walking-case  room  his  bandages  are 
taken  off  and  the  required  treatment  applied,  unless  his 
general  condition  and  his  field  medical  card  ch^arly  indi- 
cate that  no  further  interference  with  the  wound  is  likely 
to  be  desirable  until  he  reaches  a  base  hospital.  From  the 
dressing  tent  for  walking  cases  F  goes  to  the  evacuation 
tent  for  walking  cases,  where  he  is  given  food  and 
cigarettes  and  waits  for  the  ambulance  train  ;  a  train  is 
usually  available  every  day,  and  even  oftener  in  times  of 
activity ;  but.  if  there  is  any  delay,  F  is  given  a  stretcher 
bed  and  his  wound  is  redressed  in  due  course. 

Meantime,  into  another  evacuation  teut  men  who  belong 
to  tlie  various  classes,  A,  B,  C,  i),  E,  and  wdio  have  come 
down  with  tlie  same  or  a  previous  convoy,  are  being 
brought  on  stretchers  from  the  wards  or  other  places 
whore  they  have  been  prepared  for  evacuation.  The 
standing  regulation  is  to  send  on  all  cases  to  the  base  as 
soon  as  suitable  transport  is  available,  but  any  case  at  all 
likely  to  suffer  by  transport  is  detained  as  a  matter  of 
course;  chest  cases  are  never  sent  down  until  all  danger 
of  haemorrhage  is  presumed  to  have  ceased,  and  abdominal 
cases  are  detained  until  they  have  so  far  recovered  that 
they  can  be  sent  straight  through  to  Great  Britain  without 
further  treatment  at  the  overseas  base. 

In  any  case  the  number  of  men  detained  is  usually 
quite  sufficient  to  afford  the  personnel  plenty  of  ordinary 
hospital  work  between  the  arrival  of  convoys,  and  in  order 
to  secure  time  for  its  due  performance,  even  when  fighting 
is  heavy  iu  the  part  of  the  line  served  by  the  casualty 
clearing  station  and  casualties  are  numerous,  every 
casualty  clearing  station  has  a  partner  located  at  the  same 
rail-head,  and  the  two  are  alternately  "  open  "  and  "  closed  " 
for  the  reception  of  patients.  When  times  arc  quiet  the 
commonest  plan  is  for  the  casualty  clearing  stations  con- 
cerned to  open  and  close  on  alternate  days.  During  active 
fighting  a  casualty  clearing  station  usually  declares  itself 
"  closed "  when  it  has  a  given  number  of  unevacuated 
patients  on  its  hands;  its  partner  then  takes  the  next 
convoys.  Should  it  happen  that  the  partners  are  both 
"  closed,"  the  D.M.S.  of  the  army  concerned  sends  later 
convoys  to  the  casualty  clearing  stations  of  some  other 
area  under  his  oommaud. 

Specialist  Siu-geoiis. 
As  a  convoy  does  not  represent  a  specific  number  of 
patients,  and  the  number  of  convoys  dispatched  from  any 
main  dressing  station  in  any  twenty-four  hours  depends 
entirely  upon  the  state  ot  the  fighting,  the  amount  of  work 
thrown  upon  a  casualty  clearing  station  varies  greatly 
from  time  to  time.  Sometimes  it  resembles  that  of  an 
ordinary  hospital  in  a  manufacturing  town  where  accidents 
are  frequent ;  sometimes  that  of  a  main  dressing  station 
of  so  elaborate  a  type  as  to  be  able  to  perform  both  aseptic 
and  septic  operations,  and  so  largo  as  to  be  able  to  deal 
with  1,000  or  more  patients  a  day.  Its  permanent  staff 
consists  of  seven  medical  officers,  but  when  the  fighting 
is  heavy  it  is  reinforced  by  medical  officers  drawn  from 
casualty  clearing  stations,  field  ambulances,  or  other 
medical  units  in  other  parts  of  the  line.  On  its  permanent 
staff  aro  always  at  least  two  surgeons  experienced  in  all 
classes  of  operative  work,  including  abdominal  surgery, 
and  the  reinforcements  sent  when  times  are  active  include 
other  surgeons  of  the  same  ty|)o.  The  not  result,  therefore, 
is  that  by  arranging  in  groups  the  total  number  of  surgeons 
and  anaesthetists  available,  the  necessary  operations  can 
be  performed  until  the  stress  is  over. 
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Fig.  19. —Trailer  with  one  half  of  its  equipment  unloaded.  The  cipboard  most  to 
the  spectator's  left  is  for  dressings,  the  next  for  instraiuents,  the  next  contains 
two  anaesthetic  tables,  and  the  cupboard  most  to  the  right  has  three  compart- 
ments for  splints — long  splints,  thigh,  short  splints,  arm,  and  leg  splints  respectively. 
The  shelves  above  the  cupboards  show  the  method  of  packing  dressings,  etc. 


Distiihniion  of  Patients. 
When  the  convoys  are  not  large  and  not  arriving  in 
rapid  succession,  tlie  work  of  distribution  is  done  by  the 
orderly  medical  officer  on  duty  ;  at  other  times  it  is  usual 
to  select  a  surgeon  of  wide  experience  for  the  work,  since 
the  duty  of  the  "  spotting  officer  "  then  becomes  a  task  of 
great  responsibility.  He  must  be  able,  for  instance,  to  gauge 
rapidly  the  general 
condition  of  a  patient 
and  the  probable 
degree  of  serious- 
ness of  his  wound. 
In  addition  to  bear- 
ing in  mind  con- 
tinually how  long 
it  is  likely  to  be 
before  an  ambulance 
train  arrives  to  clear 
the  hospital,  lie 
must  keep  a  con- 
stant eye  on  the 
operation  list. 
Should  the  latter  be 
comparatively  short 
or  the  stream  of 
patients  be  falling 
off.  Ins  task  becomes 
relatively  easy,  since 
he  can  mark  for  tlie 
preparation  room 
any  cases  which 
seem  at  all  serious. 
In  the  contrary 
case,  he  must  decide 
whether  the  indi- 
vidual and  general  interests  would  best  be  consulted  by 
sending  the  case  down  to  the  base  forthwith,  should  an 
ambulance  train  be  waiting  or  expected  shortly  to  arrive, 
or  by  keeping  him,  even  though  it  is  not  likely  to  be 
possible  to  perform  the  operation  for  many  hours. 

Consulting  Sitrgeons. 

The  clinical  work  of  the  casualty  clearing  stations  in 
each  army  is  under  the  supervision  of  an  officer  who 
in  peace  times  is  a 
well-known  consulting 
surgeon,  and  corre- 
sponding supervision 
is  exercised  in  i-espect 
of  medical  conditions 
by  a  physician  of  ana- 
logous experience. 

Before  being  evacu- 
ated from  a  casualty 
clearing  station  a  note 
is  added  to  the  field 
medical  card  of  every 
patient  as  to  the  treat- 
ment he  has  received, 
and  if  an  operation 
has  been  performed, 
or  he  has  been  detained 
as  an  ordinary  hospital 
patient,  clinical  notes 
concerning  liis  case  for 
the  information  of  the 
medical  officers  at  the 
base  are  sent  on  in  an 
envelope  attaclied  to  a 
button  of  his  bed  jacket. 

Many  casualty  clear- 
ing stations  also  do  a 
certain  amount  of  work 
in    attending   to   local 

sick — tliat  is  to  say,  to  cases  amongst  labour  parties  and 
other  troops  in  their  neighbourhood  which  are  not  in 
charge  of  a  medical  officer  or  within  the  area  of  the  work 
of  a  field  ambulance.  It  is  also  the  rule  for  a  casualtj' 
clearing  station  to  detail  a  medical  officer  to  afford  medical 
attention  to  members  of  the  civil  population  if  a  request  to 
this  effect  is  made  by  the  local  civil  authority. 

Thk  Theatre  Tr.4.iler. 
Though  a  casualty  clearing  station  is  a  mobile  unit,  the 


transfer  of  so  large  an  institution  from  one  site  to  another 
takes  a  considerable  time.  In  an  advance  it  may  be 
desirable  to  push  an  operating  section  forward  at  once. 
To  meet  this  need  the  "  theatre  trailer  "  has  been  devised. 
It  consists  of  a  large  pitch-pine  framework,  which  can 
be  clamped  on  to  a  trailer  drawn  by  one  of  the  lorries  of 
the  casualty  clearing   station.     The  lorry  is   loaded   with 

stretchers,  blankets, 
cooking  and  feeding 
requisites  for  a 
hundred  serious  sur- 
gical cases  for  two 
days,  and  carries 
also  a  hospital  mar- 
quee and  operating 
tent.  The  original 
idea  for  the  trailer, 
as  suggested  by 
Colonel  Cuthbert 
Wallace  in  Septem- 
ber, 1916,  was  to  fit 
it  with  shelves  and 
pigeon-holes,  as  on 
a  ship.  After  further 
study,  however,  it 
was  seen  that  it 
would  be  better  to 
make  the  cupboards 
.and  other  fittings 
movable,  providing 
for  the  careful  pack- 
ing of  theic  contents 
so  that  they  would 
not  suffer  on  the 
road.  Each  cup- 
board runs  on  four  wheels,  and  is  fitted  to  hold  and  carry 
without  damage  dressings,  instruments,  bowls,  and  enamel 
ware,  as  well  as  the  Bowlby  outfit  and  the  marmites  in 
nse  in  almost  every  casualty  clearing  station  theatre. 
There  are  two  cupboards  for  sterilized  dressings,  overalls 
and  towels,  sufficient  for  one  day  s  operating,  with  two 
surgeons  and  four  tables,  dealing  with  150  major  operations. 
In  addition,  six  complete  sterilizing  drums  are  carried,  and 
in  all  sufficient  dressings  for  500  operations.    Lotions,  made 

up  in  quart  bottles,  are 
])acked  in  a  specially 
designed  case  fitted 
in  one  of  the  shelves. 
Boiled  water  and 
saline  are  taken  in 
sterilized  petrol  tins. 
The  instruments  are 
packed  in  webbing 
straps  stitched  to- 
gether and  attached 
to  the  shelves.  Three 
anaesthetic  tibles  and 
folding  stools  are 
packed  into  two  cases, 
which,  when  unpacked, 
can  be  used  as  sur- 
geons' washing-up 
benches.  The  bottom 
shelf  of  each  anaes 
thetic  table  contains 
nine  compartments, 
eacli  of  which  holds  a 
two-pound  bottle  of 
chloroform  or  ether. 
T  wo  other  shelves  con- 
tain the  anaesthetic 
apparatus,  masks, 
gauze,  etc.  Other  cup- 
boards contain  primus 
stoves  and  their  fuel,  cleaning  materials,  a  rack  for  splints, 
and  a  stand  for  the  lotion  copper  cauldrons.  Tlie  shelves 
fit  one  above  the  other,  and  can  be  built  up  in  any  order 
that  may  be  desired  to  form  dressers  or  small  cnplioaids. 
The  contents  of  one  side  lifted  out  of  the  trailer  are  shown 
in  the  illustration  (Fig.  19).  With  the  trailer  and  trolley 
are  four  R.A.M.C.  orderlies,  and  tliere  are  two  Army 
Service  drivers.  These  six  men  can  pack  the  loaded 
furniture  into  the  trailer  in  ten  minutes.  The  main 
advantages  of   this   trailer,    the    details    of    which    have 


Interior  of  a  hospital  train  ;  the  majority  of  lying  cases  are  evacuated  by 
ambulance  train. 


THI'.     l!.A.M.f\    AN])    ITS    WORK. 
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boon  workod  out  by  Captain  E.  M.  Cowoll,  ll.A.M. (.'.,' 
aiul  Lioutcnant-Cokniol  (i.  11.  Ooddai-il,  U. A.M. (J.,  arc 
tbat  it  ensures  tho  <;are£ul  transport  of  the  dolicato 
oqnipiuont  of  an  opcnitinfj  tlioatro  anil  i)i'ovides  oporatinf,' 
room  furniture  readj'  for  inmiediate  use  in  all  ciroiiiri- 
stances. 

AMBULANCE  TRAINS  AND  HOSPITAL 

BAUGES. 

A  patient  may  be   sent  down    lliroii^ii   the   ovacuatinj^ 

zone  to  the  base  either  by  anibiUance  train,  by  liospital 

bari^o,  or  by  motor  convoy  ;  in  tho  j^rcat  majority  of  cases 

tlie  first  is  the  method  oniploycd. 

Amisulanch  Trains. 

Several  types  have  been  used  since  tho  war  began.  In 
the  earlj'  days  tlie  predominant  type  was  made  up  mainly 
of  goods  vans  fitted  with  racl;s  to  support  stretchers,  and 
supplemented  by  straw-strewn  vans  for  tho  more  lightly 
wounded.  These  trains  were  effective  so  far  as  actual 
transport  was  concerned,  and  were  easy  to  load  and 
unload,  since  the  doors  were 
wide  ;  but  the  carriages  could 
not  be  lighted  easily  or  kept 
warm,  they  afforded  no  con- 
veniences for  administrative 
work,  and  it  was  very  diffi- 
cult for  the  medical  officers 
to  attend  to  their  patients 
once  the  train  had  started. 
Moreover,  unless  the  vans 
were  drawn  from  passenger 
trains,  and  this  was  com- 
paratively rare,  they  were 
mounted  on  four  wheels  onl}', 
had  very  ineffective  springs, 
and  practically  no  brakes. 
They  were  gradually  dis- 
placed by  trains  built  up  of 
ordinary  passenger  coaclies 
supplemented  by  a  saloon  or 
restaurant  car  for  administra- 
tive purposes.  The  compart- 
ments were  so  arranged  that 
they  could  each  contain  four 
stretcher  cases  lying  at  right 
angles  to  the  line  of  travel. 
Most  of  the  coaches  thus 
used  had  six  wheels,  and 
were  much  better  sprung 
anl  braked  than  goods  vans. 
They  were  also  much  better 
lighted,  and,  as  a  rule,  eaoh 
vehicle  had  a  firebox  attached 
exteriorly,  and  thus  had  in- 
dependent heating.  On  tho 
other  hand,  loading  and  un- 
loading was  not  easy,  since 
the  doors  were  narrow,  and 
only  rarely  was  it  possible  to  arrange  for  intercommunica- 
tion between  all  the  carriages,  so  that  some  of  them  could 
be  visited  only  by  walking  along  the  foot-board  or  by 
stopping  the  train. 

A  few  trains  of  this  type  are  still  in  use,  but  tlie 
majority  belong  to  a  third  type,  which  is  built  up  partly 
of  corridor  car  "  coaches "  for  patients  able  to  sit  up, 
partly  of  specially  constructed  "  ward  "  carriages  (Fig.  20), 
intercommunicating  cars  with  tiers  of  berths  down  each 
side  and  a  passage  way  between  them.  These  berths  are 
0))en  at  the  ends,  and  have  both  wire  and  ordinary 
mattresses  and  blankets  and  sheets,  and  the  patients  are 
habitually  put  to  bed  in  them,  unless  for  some  reason, 
such  as  tho  existence  of  an  injury  to  the  spinal  column, 
it  is  desired  to  avoid  moving  a  patient  oft  his  stretcher. 
In  such  cases  the  stretcher  is  laid  on  the  to])  of  the  bed. 
These  tiers  of  beds  are  arranged  parallel  to  the  line  of 
travel,  and  as  there  are  six  sets  of  tiers  on  either  side  and 
each  consists  of  three  berths,  the  normal  accommodation 
of  a  travelling  ward  is  thirty-six  patients,  while  if  occasion 
requires,  it  can  be  increased  to  forty  by  laying  stretchers 
in  the  passage  way  between  the  tiers. 


I''iG.  21, — The  operating  theatre  of  an  ambulance  train 


'  A  full  account  of  the  W-allaco-Cowcll  trailer,  with  details  of  oon- 
Btruction  and  stores,  will  lie  found  in  the  Journal  0/  the  Itoual  Army 
Medical  Corps  for  June,  1917. 


The  usual  plan  is  to  place  the  carriages  in  the  following 
order,  working  fiom  tlie  engine  backwaids:  A  carriage 
used  as  an  isolation  ward;  a  coach  with  its  com|),irtments 
arranged  as  sleeping  (quarters  for  the  medical  and  nursing 
staff;  a  kitchen  coach;  tour  or  live  ward  cari'iagcs ;  an 
administrative  carriage,  providing  an  ollice,  a  I'oom  for  tlie 
performanco  of  operations  (h'ig.  21),  and  a  dispensary;  four 
or  live  coaches  for  sitting-up  patients;  a  carriagi;  for 
g(;neral  cooking  purposes;  a  coach  to  serve  as  sleeping 
quarters  for  tho  subordinate  porsonmd;  a  van  for  stores; 
and  a  guard's  van.  About  400  patients  is  an  average  load 
for  such  a  train.  ,  '1  t       i   ■.      . 

The:  "  ward  "  carriages  have  wide  external  as  well  as 
internal  doors,  so  that  they  are  easy  to  load  and  unload, 
and  the  train  is  electrically  lighted  and  steam  heated  from 
end  to  end.  The  wide  doors  of  communication  between 
the  carriages  afford  a  vista  of  half  a  dozen  carriages  in 
succession,  and  the  actual  passage  way  extends  from  one 
end  of  the  ti-ain  to  the  other.  All  the  ward  carriages, 
moreover,  are  mounted  on  well-sprung  eight- wheeled 
chassis,  and   a    Westinghouso   compressed    air    automatic 

brake  o|)eratos  from  end  to 
end  of  the  train.  The  net 
result  is  that  they  are  easy 
to  work  and  run  smoothly 
even  over  the  much-used 
permanent  ways  of  Northern 
France. 

All  the  advantages  of  these 
trains  are  attained  likewise 
in  a  fourth  type,  which  is  the 
latest  to  come  into  use.  In 
it  .  tlie  accommodation  for 
patients  consists  entirely  of 
ward  carriages,  wherein  as 
much  provision  for  sittiug-up 
patients  as  may  be  required 
is  made  by  turning  up  the 
middle  berths  of  the  tiers, 
thus  leaving  the  upper  berth 
for  a  lying-down  case,  while 
the  lower  one  forms  a  sofa 
for  three  or  four  sitting-up 
patients.  In  the  third  type 
of  train  the  sitting  accom- 
modation in  the  coaches  often 
proves  to  be  in  excess  of  the 
requirements,  so  that  the 
iourth  type  represents 
economy  in  engine  power  and 
rolling-stock,  since,  whatever 
the  proportion  of  lying-down 
cases  to  sitting-up  cases,  the 
whole  of  the  accommodation 
can  be  utilized. 

Ambulance  trains  so  long 
as  they  are  loaded  are 
managed  very  much  as  if 
they  were  ordinary  hospitals, 
but  there  is  not  usually  very  much  dressing  to  do  unless 
in  a  considerable  proportion  of  the  cases  irrigation  treat- 
ment is  being  applied.  There  arc  always,  however,  patients 
who  require  attention,  and  for  the  first  hour  or  so,  at  any 
rate,  after  the  train  has  been  loaded  the  whole  of  the  staff 
is  kept  busy.  Once  they  have  settled  down  the  majority  of 
patients  sleep  peacefully  to  the  end  of  their  journey,  even 
those  who  are  travelling  in  sitting-up  coaches.  They  have 
left  the  battlefield  behind  them;  they  have  had  then- 
wounds  dressed,  and  all  tension  is  at  an  end.  This 
restfulness  of  an  ambulance  train,  despite  many  phy- 
sical reasons  to  the  contrary,  was  noted  long  before 
the  prevailing  type  of  train  came  into  use,  and  is 
one  of  the  more  curious  psychological  features  of  the 
war. 

For  an  ambulance  train  of  the  second  type  the  allow- 
ance of  medical  oflicers  is  usually  three,  but  for  the  third 
and  fourth  types  only  two  are  generally  required;  in  each 
case  three  or  four  sisters  are  carried  in  addition  to  nursing 
and  general-duty  orderlies,  cooks,  etc.  Unless  a  journey 
is  unusually  long,  the  majority  of  the  staff  remains  on 
duty  during  the  time  the  train  is  loaded.  As  soon  as  the 
patients  have  been  unloaded  the  whole  train  has  to  be 
cleaned,  bod-linen  changed,  dirty  linen  dispatched  to  the 
wash,  and  fresh  supplies  of  stores  obtained,  so  that  rest 
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Fig.  22. — Hospital  bar^u  buiug  towed. 


for    an   ambulance   train    staff    docs  not  come  until   the 
up-country  journey  has  commenced. 

The  movements  of  the  trains  as  a  whole  are  regulated 
by  a  medical  oificer  of  the  staff  of  the  D.M.S.  Lines  of 
Communication.  If  a  full  load  is  not  waiting  at  any  single 
rail-head,  several  are  visited  in  succession.  Once  loaded, 
the  train  travels  at  a  rate  of  about  twelve  miles  an  liour  to 
its  destination  at  the  base,  which  may  bo  anything  from 
fifty  to  a  hundred 
miles  away.  In- 
formation as  to  the 
hour  of  its  probable 
arrival  is  telegraphed 
to  an  officer  at  its 
destination,  who 
meets  tlie  train  with 
a  sufficient  number 
of  stretcher-bearers 
and  motor  ambu- 
lance cars  to  dis- 
tribute the  patients 
promptly  among  the 
various  hospitals  at 
this  base. 

Hospital  Barges. 

Evacuation  by  hos- 
pital barges  is  neces- 
sarily restricted  to 
parts    of    the    front 

traversed  by  navigable  canals,  and  also  by  the  fact  that 
comparatively  few  casualty  clearing  stations  lie  sufficiently 
near  canals  for  patients  to  be  embarked  without  an 
intermediate  journey  in  an  ambulance  car.  This  moans 
of  evacuation  is  slow,  but,  is  of  use  in  dealing  with 
patients  for  whom  it  is  desired  to  secure  absolute  free- 
dom from  shaking.  ]5arges,  however,  arc  not  used  solely 
for  evacuating  purposes ;  in  certain  parts  of  the  line 
they  can  be  taken  close  up  to  main  dressing  stations 
and  advanced  operating  stations,  and  can  then  be  used 
either  to  provide  additional  accommodation  or  practically 
as  if  they  were  tiavelling  casualty  clearing  stations, 
chest  cases  and  abdominal  cases  being  placed  straight 
on  board  after  operation  and  taken  down  to  a  port,  where 
they  are  evacuated 
to  a  home  base  by 
being  loaded  on  a 
hospital  ship. 

Ihe  barges  used 
are  those  familiar  on 
Flemish  canals  (Fig. 
22).  When  one  end 
of  the  interior  has 
been  partitioned  off 
into  cabins  for  the 
staff,  and  the  other 
into  a  kitchen,  scul- 
lery, and  quarters  for 
the  subordinate 
personnel,  there  re- 
mains ample  room 
in  the  middle  for 
thirty  ordinary  hos- 
pital beds  arranged 
fifteen  on  each  side 
with  a  passage  be- 
tween them.  There 
a  space  amid- 
ships into  which 
patients  are  lowered 
from  the  deck 
above  by  means  of 
a  hand  lift.  This 
space  can  bo  used  for  the  performance  of  operations  if 
necessary.  Except  that  its  ceiling  is  low  (about  10  ft.) 
and  its  diameter  comparatively  narrow  (about  16  ft.), 
a  barge  ward  looks  very  much  like  a  hospital  ward 
(Fig.  23). 

All  the  barges  are  provided  with  a  dynamo  and  gas 
engine ;  they  can  be  lighted  either  by  electricity  or  by 
removing  one  or  more  sections  of  the  deck  which  forms 
the  ceiling  of  the  ward.  They  are  drawn  by  a  tug  in 
charge  of  men  accustomed  to  canal  work.  They  are 
divided  into  flotillas  of  four,  but  more  often  than  not  they 


travel  singly  or  in  couples.  Every  barge  carries  two 
trained  women  nurses  in  addition  to  nursing  orderlies, 
general  orderlies,  and  cooks.  Each  barge  also  carries  a 
medical  officer,  unless  two  barges  or  more  are  travelling 
together,  and  then  one  is  sufficient  for  all  of  them.  The 
average  duration  of  a  barge  journey  is  from  twenty-four 
to  forty-eight  hours.  They  travel  only  by  daylight, 
and  at  the  rate  of  about  three  miles  an  hour. 


STATIONARY 
HOSPITALS. 

At  places  along 
the  railways  travers- 
ing the  evacuating 
zone  there  are 
medical  units  known 
as  stationary  hos- 
pitals. These  in 
theory  are  200  bed 
hospitals  of  com- 
paratively simple 
equipment  as  com- 
pared with  that  of 
a  general  hospital. 
Their  bedsteads,  for 
instance,  are  folding 
iron  "  barrack  bed- 
steads," and  they  are 
not  supposed  to  have 
ray  annexes.     In  France,  how- 


clinical   laboratories  or 

ever,  nearly  all  stationary  hospitals  are  capable  of  accom- 
modating several  times  their  regulation  number  of  patients, 
and  many  in  point  of  equipment  and  extent  of  accommoda- 
tion do  not  differ  from  the  large  general  hospitals  in  the 
distributing  zone,  unless  they  are  used  to  fulfil  some 
special  aim. 

Such  of  these  units  as  are  in  the  evacuating  zone  do 
their  work  in  direct  association  with  main  dressing 
stations,  and  since  the  dispatch  of  a  patient  to  them  does 
not  necessarily  entail  his  formal  evacuation,  they  are 
almost  to  be  regarded  as  annexes  thereto  and  therefore  as 
front-line  units.  The  rest  are  used  for  the  reception  and 
treatment  of  cases  of  sickness  and  injury  among  troops  on  the 

hues  of  communica- 
tion, and  for  cases 
which  the  medical 
officers  in  charge  of 
ambulance  trains 
may  think  it  desir- 
able to  off-load  at 
the  earliest  possible 
moment.  Strictly 
speaking,  a  station- 
ary liospital  is  not 
entitled  to  more 
than  seven  medical 
officers,  but  it  is 
allotted  a  larger 
number  if  it  accom- 
modates more  than 
its  regulation  num- 
ber of  patients,  and 
is  doing  work  which 
for  its  due  perform- 
ance requires  an 
augmentation  of  the 
staff. 

CONTROL. 

It  is  from  general 
head  quarters  that 
the  Director- General 
of  Medical  Services  usually  controls  the  whole  of  the 
medical  work  of  the  front  through  the  Directors  of 
Medical  Services  of  the  different  armies,  as  also  that  of 
the  evacuating  zone  and  the  distributing  zone  through  the 
Director  of  Medical  Services  Lines  of  Communication. 

The  operations  thus  controlled  include  not  only  the  dis- 
position and  maintenance  of  hospitals  and  other  medical 
units,  together  with  all  the  arrangements  for  the  evacua- 
tion of  patients  from  the  front  to  the  bases  and  from  the 
bases  to  the  United  Kingdom,  but  also  certain  other  im- 
portant branches  of  work.    These  are  the  distribution  of 
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modical  roinforceiiioiits,  tlioco-onlination  of  iictioii  tlir<)u<;li- 
out  tlio  whole  Bi'itisli  t'orco  in  ro;,'ard  to  saiiilalion  aiul  llio 
prevention  of  cpideinic  disease,  and  the  work  of  weedinj^ 
out  froiu  the  armies  men  who,  th:)n;;li  still  useful  soldiiiis, 
are  not  capahle  of  doin^  front-line  worlc.  niany  of  whom 
must  evcutually  bo  sent  home  to  bo  disehacf^ed  from  the 
army. 

At  tlie  same  place  are  also  held  the  periodie  me(.'tini;s  of 
a  council  formed  by  the  l)ireetorGen('ral  of  M(Hlical  Ser- 
vices to  assist  him  iu  the  settlement  of  questions  from  time 
to  time  arising.  It  consists  of  (^ijht  members  and  is  so 
constituted  that  the  temporary  and  permanent  elements 
of  the  medical  service  of  the  army,  j^eneral  and  bacti^io- 
logieal  hy>jiene,  medical  and  surf^ieal  work  at  the  front,  the 
same  work  at  the  bases,  and  administration  throughout 
the  whole  area,  are  all  represented  in  equal  proportions. 

Tliere  is  a  second  council  of  the  same  general  kind, 
which  iucKides  the  whole  of  the  civilian  consultant 
specialists  holding  temporary  commissions  in  the  army,  as 
well  as  the  principal  iicrmanent  otKcers  cjn  the  staff  of  the 
Director-General  of  Jledical  Services.  But  this  meets 
less  often  owing  to  the  difficulty  of  withdrawing  so  many 
officers  from  their  ordinary  work  simultaneously. 

THE  DISTRIBUTING  ZONE. 

The  hospitals  to  which  the  patients  are  sent  on  their 
arrival  iu  the  dis- 
tributing zone  are 
known  as  general 
and  stationary  hos- 
pitals. The  former 
are  in  theory  much 
larger  and  more 
comprehensi  vely 
equipped  than  the 
latter.  In  practice, 
however,  there 
is  in  France  often 
no  difference  even 
in  point  of  size, 
and  invariably  both 
afford  the  same 
facilities  for  the 
best  forms  of 
medical  and  sur- 
gical work.  That 
is  to  say,  their 
ward  equipment  is 
of  the  same  kind 
as  in  large  civil 
hospitals  in  times 
of  peace,  they  have 
all  large  and 
elaborate  operating 
theatres  and 
annexes,  and  bacteriological 
annexes. 


Fig.  24. — A  store  for  an  ambulance  train. 


laboratories     and     a;- ray 


Organization  of  General  and  Station.\ry 
Hospitals. 

In  point  of  size  every  stationary  hospital  can  now 
accommodate  at  least  500  patients  instead  of  the  regula- 
tion 200,  and  every  general  hospital  at  least  1,040  instead 
of  520.  The  larger  figures  represent  the  number  of  beds 
kept  at  all  times  ready  for  the  reception  of  patients.  In 
time  of  pressure  the  accommodation  can  be  increased  by 
some  50  per  cent.  The  clinical  work  is  divided  into  a 
medical  and  a  surgical  division,  each  in  charge  of  a 
specialist  assisted  by  ward  medical  officers.  To  the 
surgical  division  there  are  also  attached  specialists  in 
operative  surgery  who  vary  in  number  according  to  the 
accommodation  of  the  ho.spital. 

The  nursing  is  done  b)'  trained  women,  those  ap- 
pointed to  each  ward  working  under  the  supervision  of  a 
ward  sister,  who  is  subject  in  her  turn  to  the  hospital 
matron.  There  are  also  a  certain  number  of  orderlies 
trained  in  nursing  duties,  who  assist  and  on  occasion 
replace  the  women  nur.ses,  and  of  general  duty  orderlies 
wlio  do  all  the  rough  work  of  the  hospital.  The  male 
personnel  is  under  the  control  of  anon-commissioned  officer 
commonly  called  a  wardmaster,  who  is  subject  in  his  turn  to 
the  sergeant-major  of  the  hospital.  Supplies  of  every  kind 
are  obtained  by  the  quartermaster,  who  is  responsible  for 
their  due   preparation.     Ho   holds   honorary    rank   as   an 


olliocn-  in  the  Royal  Army  Medical  Corps,  and  to  attain  this 
pisitiou  ho  nmst  not  only  possess  tact  and  good  ujanuers 
but  must  pass  examinations  in  general  education  and 
technical  and  military  subjects  spread  over  so  many  years 
that  most  quarteruKtsters  are  men  who  have  entered  the 
corps  at  a  very  early  age. 

The  laboratory  and  j-ray  rooms  arc  in  the  charge  of 
specialists,  priv.ates  or  non-commissioned  officers  wlio 
have  rec(Mved  training  in  these  duties  being  appointed 
to  assist  them.  The  institution  as  a  whole  does  its  work 
under  the  control  of  an  officer  of  the  rank  of  lieutenant- 
colonel  or  colomd,  who  in  the  larger  hospitals  has  a 
registrar  to  assist  him  in  the  keeping  of  medical  records. 
In  times  of  pressure  this  officer  commonly  takes  charge 
of  a  certain  number  of  beds,  and  often  al.so  acts  as 
ct)nq)any  olHcer  or  adjutant,  his  work  including  dis- 
ciplinary coutrol  of  the  more  military  side  of  the  work 
of  the  unit. 

A  few  hospitals  occupy  large  buildings,  such  as  casinos 
or  hotels,  but  most  of  them  now  lie  in  camps  outside  the 
towns,  of  which  tliey  nominally  form  part.  They  are 
formed  sometimes  of  huts  alone,  sometimes  of  huts  and 
marquees.  The  marquees  have  boarded  floors,  stoves,  and 
electric  lighting  and  double  roofs.  In  fine  weather  tlie 
whole  of  one  side  of  a  marquee  can  be  removed,  the 
patients  being  thus  kept  practically  in    the  open  air;  the 

marquees  can  also 
be  placed  end  to  end, 
a  continuous  ward 
capable  of  holding 
periiajis  a  hundred 
beds  being  thus 
formed.  The  hos- 
pitals at  bases  are 
rarely  moved,  so 
that  not  only  are 
the  camps  they  form 
irreproachable  in 
the  matter  of  sani- 
tation, but  they  are 
almost  invariably 
attractive  likewise 
in  other  ways,  as 
there  is  much  rivalry 
among  the  staffs  of 
different  hospitals, 
and  neat  paths, 
shrubs,  and  flower 
beds  spring  into 
existence  with  great 
rapidity. 

But,  although  base 
hospitals  are  well 
equipped  and 
managed  on  iden- 
tical principles,  they  are  differentiated  to  some  extent  by 
the  character  of  their  work.  At  each  base,  for  instance,  one 
hospital  deals  solely  with  infectious  diseases,  while  the 
rest,  though  prepared  to  take  cases  of  all  kinds,  habitually 
specialize  iu  the  treatment  of  some  particular  class  of 
injury  or  disease — for  example,  skin  disorders,  ophthal- 
mic troubles,  jaw  injuries,  nerve  complaints,  head  cases, 
and  fractures  of  the  lower  extremities.  There  are  also 
some  base  hospitals  which,  owing  to  their  distance  from 
evacuation  points,  deal  mainly  with  comparatively  light 
cases. 

At  all  base  hospitals  the  time  for  which  serious  cases 
may  be  retained  is  not  limited,  but  the  general  rule  is  to 
transfer  to  Great  Britain  any  cases  which  are  deemed  fit 
for  transport  and  are  not  likely  to  be  fit  for  active  service 
again  in  less  than  three  weeks.  Patients  who  complete 
their  treatment  iu  the  base  hospitals  are  sent  on  their  dis- 
charge to  convalescent  di'pots,  where  they  remain  for  a 
varying  number  of  days,  and  thereafter,  if  considered  fit 
once  iiujre  for  the  front,  are  sent  to  the  depots  of  the  regi- 
ment or  corps  to  which  thoy  belong.  In  the  contrary  case 
they  are  marked  as  base  details  and  are  kept  under 
medical  observation  in  barracks  and  employed  on  duties  of 
various  kinds 

Base  Medical  Stork  Depots. 
Other  medical  establishments  at  the  base  are  depots  of 
base  medical  stores  (Fig.  24 1,  whence  all  the  up-country 
di'pots,  as  well  as  the  local  hospitals  and  ambulance  trains, 
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draw  their  supplies,  and  the  base  hygiene  laboratories, 
■whose  main  work  is  to  test  the  purity  of  the  food  supphes 
of  the  troops.  Tliere  is  also  at  one  base  a  large  bacterio- 
logical laboratory  devoted  solely  to  research  wcrk,  and 
much  work  of  the  same  kind  also  goes  on  at  the  laboratories 
attached  to  the  dilfereut  hospitals.  Soruetimes  the  work 
is  done  as  an  independent  effort,  sometimes  in  co-opera- 
tion with  the  officers  iu  charge  of  the  mobile  laboratories 
in  the  collecting  zone,  and  as  a  means  of  testinghow  far  the 
results  there  obtained  are  supported  by  observations  made 
on  patients  who  have  reached  a  later  stage  of  their  illness 
or  injury. 

Laboratories:  Medical  History. 

The  general  control  of  all  the  laboratories  and  of  their 
work  iu  the  investigation  of  the  problems  of  epidemic 
disease  is  the  special  charge  of  an  Adviser  in  Pathology  to 
the  Director- General  of  Medical  Services.  In  addition  two 
officers  appointed  by  the  Director- General  represent  the 
Medical  Kesoarch  Committee  of  Great  Britain  :  their  duty 
is  to  advise  upon  the  systematic  recording  of  clinical  notes, 
so  that  the  requisite  data  may  be  available  for  general 
medical  statistics  and  for  pension  claims,  and  also  to  secure 
that  the  various  new  types  of  disease  and  injury  seen  in 
this  war  are  made  the  subject  of  specific  study  from  a 
clinical  and  a  pathological  point  of  view  by  selected 
officers.  As  comparatively  few  cases  remain  iu  the  hos- 
pitals in  France  throughout  their  whole  course,  the  work 
involves  securing  continuance  of  study  of  many  of  the 
cases  on  their  arrival  at  home.  The  aim  in  view  is  to 
secure  that  all  the  data  necessary  for  the  formation  here- 
after of  sound  opinions  as  to  the  medical  lessons  of  this 
war  shall  be  duly  forthcoming. 

As  iu  the  various  army  areas,  the  clinical  work  at  each 
base  is  supervised  bj^  consulting  specialists  in  various 
branches  of  medicine  and  surgery,  aud  dissemination  of 
newly  acquired  knowledge  is  secured  partly  by  memo- 
randums issued  from  time  to  time  by  the  Director-General 
of  Medical  Services,  partly  by  meetings  of  medical  societies 
established  not  only  at  the  bases  but  in  the  collecting  zone, 
and  partly  by  publication  of  results  in  the  medical  press. 

The  base  hospitals  are  also  used  as  depots  for  medical 
reinforcements,  officers  newl}'  arrived  from  home  being 
appointed  to  them,  both  in  order  that  they  may  gain  some 
experience  of  general  routine,  and  also  to  enable  the 
authorities  to  ascertain  their  physical  and  other  aptitudes 
for  work  of  various  orders.  The  younger  men  are  sent 
eventually  to  field  ambulances  and  thence  to  regiments. 

Overseas  Contingents. 
All  the  great  British  dominions  beyond  the  seas — India 
Australia,  New  Zealand,  Canada,  and  South  Africa — have 
medical  units  in  the  field,  tiiough  they  are  all  worked  on  the 
same  system  as  units  which  are  strictly  speaking  Royal 
Army  Medical  Corps  units,  and  they  are  all  uuder  the 
control  of  the  Director-General  of  Medical  Services. 
An  account  of  one  of  these — the  Canadian  Army  Medical 
Corps — written  by  Surgeon-General  Fotheringham  of  that 
corps,  will  be  published  in  an  early  issue.  There  have 
been  one  or  two  hospitals  officered  entirely  by  volunteers 
supplied  by  the  faculties  of  certain  universities  in  the 
United  States  of  America,  and  some  units  working  under 
the  aegis  of  the  British  Red  Cross  Society.  These  also 
have  been  under  the  general  control  of  the  Director- 
General  of  the  British  Medical  Service. 

General  Administration. 

In  most  of  the  military  hospitals  in  France  the  ad- 
ministrative work  is  done  by  permanent  officers  of  the 
Ro3'al  Army  Medical  Corps,  and  the  bulk  of  the  executive 
work  by  temporary  officers,  who  contract  to  serve  for  the 
year,  but  in  most  cases  renew  their  contracts  as  a  matter 
of  course.  For  the  first  eighteen  months  or  more  all  these 
officers  were  volunteers,  but  since  all  men  under  41  are 
now  liable  for  military  service,  a  considerable  proportion  of 
those  now  arriving  are  selected  by  civilian  Medical  War 
Committees,  in  response  to  the  demands  of  the  War  Office. 
In  making  the  selection  the  committees  have  regard  not 
only  to  the  fitness  of  the  individual  for  foreign  service,  but 
also  to  the  question  of  his  iudispensability  or  otherwise 
from  the  point  of  view  of  the  civil  population  among  which 
he  has  been  practising. 

Intermediate  between  these  two  orders  come  a  certain 
number  of  officers  who  have  received  commissions  for  the 


duration  of  the  war,  and  who  are  usually  doing  special 
work  of  some  kind,  and  a  large  number  of  Territorial  and 
Special  Reserve  officers.  The  former  are  civilian  medical 
practitioners  who  long  before  the  war  joined  the  volunteer 
body  known  as  the  Territorial  Army  as  medical  officers, 
aud  by  taking  part  in  annual  exercises  and  in  other  ways 
acquired  a  general  knowledge  of  military  routine.  The 
Territorial  army  was  mobilized  with  the  Regular  army 
on  the  outbreak  of  war,  and  these  Territorial  officers, 
belonging  as  they  did  to  regiments  aud  field  ambulances, 
were  at  first  to  be  found  almost  exclusively  in  the  front 
line  formations,  but  many  of  them  now  hold  admmistrative 
positions  and  posts  as  divisional  medical  officers  of  hos- 
pitals. The  Special  Reserve  officers  are  usually  young 
men  who  before  the  war  undertook  to  serve  in  the  Royal 
Army  Medical  Corps  if  required,  and  meantime  went 
through  a  course  of  three  months'  training,  receiving  a 
small  retainiug  fee  in  respect  of  each  year  their  names 
were  kept  on  the  roll. 

The  nursing  staff  is  di-awn  from  an  equally  large  number 
of  sources.  Some  belong  to  the  Regular  army,  others  to 
the  hospitals  which  in  peace  nominally  form  part  of  the 
Territorial  army,  others  are  nurses  who  in  peace  work 
indepeudently,  and  many  come  from  the  overseas 
commonwealths. 

The  great  variety  in  the  components  of  the  R.A.M.C.  is 
a  source  of  strength,  since  it  ensures  the  inclusion  of  men 
of  varied  talents  and  representative  of  special  knowledge 
of  all  branches  of  medicine  and  surgery.  The  whole  corps 
is  administered  iu  a  spirit  which  secures  unity  of  effort 
among  men  of  different  mental  constitution  and  previous 
experience,  yet  without  trammelling  individuality  by  the 
imposition  of  other  than  necessary  rules  and  regulations. 
It  is  to  this  that  is  mainly  to  be.  attributed  the  successful 
working  of  the  Royal  Army  Medical  Corps  in  France,  but 
luaterial  assistance  has  also  been  derived  from  the 
sympathy  extended  towards  all  medical  affairs  for  the 
benefit  of  the  troops  by  the  Commauder-in-Chief. 


SEA  TRANSPORT. 

The  motor  convoys  at  the  front  are  army  units,  but  the 
ambulance  cars  by  which  patients  are  taken  from  the  base 
hospitals  for  shipment  to  England  are  maintained  by  the 
British  Red  Cross  Society,  and  at  some  bases  are  driven 
by  women.  As  not  all  the  bases  are  at  a  port,  a  short 
journey  iu  an  ambulance  train  sometimes  intervenes 
between  a  patient's  departure  from  a  base  hospital  and  his 
embarkation. 

The  embarkation  medical  officer  is  informed  day  by  day 
as  to  how  many  patients  are  waiting  shipment,  and  the 
proportion  of  lying  to  walking  cases,  and  as  soon  as  a  ship 
is  ready  notifies  each  hospital  concerned  how  many  patients 
of  each  kind  he  can  accommodate.  Arrived  at  the  quay- 
side, the  ambulances  are  unloaded  under  the  supervision 
of  the  embarkation  medical  officer,  and  as  each  case 
reaches  the  deck  it  is  assigued  a  position  on  board  accord- 
ing to  its  nature.  Swing  cots  are  used  for  the  severer 
cases,  since  they  can  be  approached  from  both  sides,  and 
to  the  less  severe  are  assigned  berths  arranged  iu  tiers. 
On  long  voj'ages  walking  cases  are  also  given  berths,  but 
on  short  oues  they  are  allowed  to  sit  or  stroll  about  as 
they  please  as  soon  as  each  man  has  beeu  clad  in  a  life- 
jacket.  The  next  step  generally  is  the  serving  of  a  meal 
and  the  distribution  of  cigarettes. 

Meantime  the  lyiug-down  cases  are  being  treated  as 
if  they  were  still  in  a  hospital  on  land,  for  every  hospital 
ship  has  a  staff  of  surgeons  and  nurses  and  all  the  equip- 
ment necessary  for  hospital  work.  All  hospital  ships  have 
previously  been  passenger  vessels,  and  the  necessary  room 
for  wards  is  provided  jjartly  by  re-equipping  the  dining  and 
other  saloons  for  their  new  use,  partlj'  by  clearing  the 
lower  decks  of  cabins.  Lifts  are  provided  for  moving 
patients,  and  the  vessels  are  painted  white,  with  a  green 
band  paiuted  from  stem  to  stern  with  a  red  cross  painted 
in  the  middle.  At  night  there  is  a  loug  row  of  red  and 
green  lights  along  the  taffrail  on  both  sides. 


HOME  HOSPIT.^LS. 

Arrived   at    the   port   of    destination   the   patients   are 

received  by  a  disembarkation  medical  officer  and  his  staff, 

who    have  been   warned   by   wireless   telegraphy   of   the 

number   of   patients  on   board,   and    have   caused   to    be 
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brought  up  to  the  quay-side  the  requisite  nuuibor  of 
hospital  trains;  these  trains  are  tlien  loaded  rapidly  by 
strotolier-bearor  parties  and  dispatched  to  dilfcreut  parts 
of  Great  Britain. 

The  more  serious  cases  are  usually  sent  to  hospitals  iu 
the  neighbourhood  of  Ijoudou  or  the  y^'^iit  provincial 
towns.  Some  of  the  larj^er  institutions  are  military 
hospitals  which  existed  before  the  war,  but  the  groat 
majority  have  been  specially  created.  Some  of  these, 
liowever,  previously  had  a  nominal  e.Kisteneo  as  Terri- 
torial hospitals,  it  being  part  of  the  system  of  the  Terri- 
torial Force  that  at  each  local  centre  tho  larger  civil 
hospitals  should  undertake  to  open  if  required  a  military 
hospital  officered  by  medical  men  selected  from  their  own 
staffs.  The  officers  thus  selected  were  given  conuuissions 
a  la,  suite  in  the  medical  department  of  the  Territorial 
Force.  Apart  from  large  military  hospitals  of  tliis  and 
other  kinds,  including  some  maintained  by  the  British  and 
other  Hed  Cross  societies,  a  considerable  proportion  of  all 
civil  hospitals  now  have  arrangements  for  the  reception  of 
military  patients  who  are  treated  by  the  civilian  staffs 
attached  to  these  hospitals. 

All  the  larger  hospitals  have  special  departments  for 
patients  whose  successful  treatment  involves  knowledge  of 
one  or  other  of  the  special  brauches  of  medicine  and 
surgery.  There  are  also  very  numerous  convalescent 
homes,  and  the  orthopaedic  hospitals  described  by  Dr. 
Colin  Mackenzie  (Bkitish  JIehical  Journal,  May  26th, 
1917,  p.  669  et  seq.).  Finally,  there  are  numbers  of  camps 
to  which  are  sent  men  who  it  is  expected  will  recover  their 


t'ltncss  for  activo  service  when  they  have  undergone 
remedial  e.Kercises  of  various  kinds  and  a  general  physical 
training. 

The  (inty  of  seeing  that  an  adequate  number  of  hospitals 
for  military  patients  are  maintained  in  Oreat  Britain,  as 
also  that  of  providing  tli(!  reinforcements  and  stores  re- 
((uirctd  for  the  medical  work  of  the  armies  in  !■' ranee,  the 
JJalkans,  Mesoi)otamia,  India,  Kast  Africa,  and  elsewhere, 
appertains  to  tho  Director  General  of  Ainiy  Medical 
Services  in  London,  a  post  1111(^1  since  Novcndier,  1914,  by 
Surgeon-General  Sir  Alfred  Keogh.  He  had  held  the  same 
oHiec  sonu:  years  previously,  and  returned  to  it  in  order  to 
allow  tlie  actual  occupant  of  the  post,  Surgeou-Gener.al  Sir 
Arthur  Sloggctt,  to  ta.k(;  up  work  which  it  was  realised 
W(ndd  be  of  weekly  increasing  importance  and  for  which 
his  talents  and  experience  seemed,  and  have  abundantly 
since  proved,  specially  to  lit  him — namely,  the  control  of 
the  medical  i'JTairs  of  the  British  armies  in  France.  It  is 
ou  the  arrangements  of  these  armies  that  this  description 
of  the  work  of  the  lioyal  Army  Medical  Corps  is  chiefly 
based. 

So  far  as  the  Britisli  people  is  concerned  the  work  of  the 
Royal  Army  Medical  Corps  has  given  the  greatest  satis- 
faction, and  it  is  believed  that  after  the  war,  when  details 
become  known  to  those  capable  of  assessing  its  more 
scientific  aspects,  it  will  be  acknowledged  that  the  corps 
has  taken  full  advantage  of  opportunity  offered  for  ad- 
vancing precise  knowledge  of  medicine  and  surgery  as 
well  as  of  means  of  handling  vast  numbers  of  sick  and 
wounded  men. 
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The  adage,  "  Cast  thy  bread  upon  the  waters,  and  thou 
shalt  find  it  after  many  days,"  had  never  truer  exempli- 
fication than  in  the  relations  found  existing  in  this  great 
war  of  all  the  ages  between  the  R.A.M.C.  and  the  Canadian 
A.M.C.  The  latter  is  the  lusty  progeny  of  the  former,  and 
well  pleased  that  the  phj'sique  and  lineaments  of  the 
parent  can  be  seen  in  the  child.  In  all  matters  of  present- 
day  organization,  equipment,  and  even  uniform,  the  two 
services  are  eloselj'  homologated  and  interchangeable. 
But  in  spirit,  and  sympathy,  and  attainments,  and  just 
and  generous  emulation  their  relations  are  more  fraternal 
than  parental. 

During  the  somewhat  troubled  years  which  followed  in 
British  North  America  after  the  rebellion  of  the  American 
colonies  the  British  troops  who  helped,  as  in  the  war  of 
1812-1815,  to  safeguard  the  feeble  settlements  of  Nova 
Scotia,  Lower  Canada,  and  Upper  Canada,  had  tlieir 
medical  officers — army  doctors  as  they  were  known.  Not 
a  few  of  these  well-trained  men  left  the  service  to  settle 
down  to  practice  in  Canada,  and  in  most  cases  at  once 
secured  a  commanding  professional  position  iu  the  new 
community.  Their  superior  education  and  good  social 
position  gave  to  many  of  them  great  influence  with  the 
authorities,  especially  in  Upper  Canada— now  Ontario — 
and  this  influence  was  always  exerted  in  favour  of  sound 
legislation  on  all  matters  jjertaining  to  education,  both 
general  and  professional.  The  provinces  were  thus  from 
the  outset,  to  a  very  large  e.N.tent,  protected  from  the 
evils  of  free  and  unlicensed  medical  practice,  from  which 
the  United  States  are  only  now  with  much  effort  and 
delay  beginning  to  shake  themselves  free.  British  ideals 
in  both  teaclnng  and  practice  have  in  the  main  prevailed 
everywhere  in  Canada,  the  precedent  and  example  of  the 
medical  legislation  in  the  older  provinces  being  closely 
followed  in  the  newer  as  they  were  organized,  so  that  all 
the  medical  faculties  in  Canada  have  always  drawn  their 
inspiration,  neither  from  American  nor  German  sources, 
but  from  the  great  schools  of  London,  Edinburgh,  and 
Dublin. 

With  this  heritage,  nothing-  could  be  more  natural  and 
legitimate  than  that  the  Canadian  .\rmy  Medical  Service 
should  both  give  and  get,  in  this  time  of  sore  trial  for  all 
British  hopes  and  ideals,  absolute  mutual  co-operation  and 
goodwill  in  its  relations   with  the   Royal  Army  Medical 


Corps  and  Service.  The  opportunity  of  comradeship  and 
common  service  m  the  stricken  field  and  iu  the  cause  of 
empire  and  civilization  is  keenly  realized  and  most  highly 
prized  by  all  ranks. 

The  intimacy  between  the  two  services  is  evidenced  by 
the  circumstauce  that  many  scores  of  Canadian  graduates 
hold  temporary  commissions  in  the  R.A.M.C,  aud  the  value 
of  their  services  is  freely  acknowledged  by  their  fellow 
officers.  Furthermore,  the  Canadian  laboratory  man  has 
been  given  his  chance  and  has  made  good  in  both  British 
and  Canadian  laboratories  in  the  field,  aud  the  friendly 
rivalry  and  hearty  good  comradeship  of  their  work  has 
gone  far  to  make  permanent  for  all  time  the  good  relations 
which  are  and  can  bo  based  only  upon  mutual  respect. 
One  dreams  of  the  day  when  the  degree  or  licence  of 
any  reputable  faculty  in  the  empire  may  run  and  be 
recognized  as  valid  in  all  the  parts  of  the  empire. 

A  summary  of  the  activities  of  the  C. A.M.C.  may  be 
made  under  the  three  topics: 

1.  Preventive  medicine; 

2.  Clinical  progress  in  medicine  and  surger}';  and 

3.  Laboratory  and  research  work. 

PKEVENTn'E  Medicine. 
With    i-eference   to   i^reventive   medicine    the    two  out- 
standing features  of  the  situation  are: 
(((i  Preventive  inoculation. 
(li)   Sanitary  control  iu  the  field. 

(rt)  Preventive  Inoculation. 

Ou  the  Western  front,  where  most  of  the  Canadian 
medical  troops  have  been  employed,  this  has  been  maiuly 
against  the  typhoid  group,  small-pox,  and  tetanus. 

The  percentage  of  inoculated  men  as  regards  the  first 
two  runs  very  liigh,  practically  100  per  cent.,  as  the  con- 
scientious objector  is  not  recognized  by  the  Canadian 
authorities  and  legitimate  means  have  been  found  for  over- 
coming tho  objections  of  the  very  few  who  wore  at  first 
disincliued  to  submit. 

.Vntitetanic   serum  has  been  administered   in  all  main 
dressing  stations  to  all   wounded,   and  latterly  to  trench 
foot  cases,-at  the  time  of  their  admission,  the  dose  being 
entered  on  field  medical  card  aud  in  tho  admission  anddis 
charge  book.    The  dose  has  been,  as  a  rule,  1,500  units. 
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The  serum  has  beeu  to  a  large  extent,  but  not  exclusively, 
obtained  from  the  Canadian  Red  Cross  Society,  and  is  that 
manufactured  in  the  laboratories  of  the  University  of 
Toronto  through  the  thoughtful  provision  of  a  wealtliy 
benefactor  tliere.  The  regular  source  of  supply  through 
the  advanced  depots  of  medical  stores  has  also  beeu  drawn 
upon.  Comparisons  and  results  are  not  available  as  yet, 
but  there  is  no  doubt  in  the  minds  of  all  in  a  i30sitiou 
to  judge  that,  as  a  preventive  measure,  the  procedure  is 
proved  to  be  indispensable. 

The  same  remark  holds  true,  if  possible  more  positively, 
with  regard  to  antityphoid  inoculation.  When  regard  is 
had  to  the  practical  absence  of  true  typhoid  and  to  the 
extraordinarily  low  incidence  of  the  other  diseases  of  the 
enteric  group  on  the  one  hand,  and  to  the  universal  con- 
tamination of  the  water  supply  by  the  colon  group  on  the 
other,  one  may  truly  say  that  a  new  chapter  may  now  be 
written  in  tlie  history  of  military  medicine,  and  that  the 
world  at  large  owes  to  Sir  William  Leislimau  and  the 
R.A.M.C.  a  debt  which  it  can  never  repay  ;  and  it  should 
not  be  forgotten  that  the  millions  of  men  now  in  the  war 
zone  and  far  from  their  accustomed  strains  of  euteric 
infection  represent,  without  inoculation,  virgin  soil  for  the 
ravages  of  the  disease. 

Small-pox  has  beeu  practically  non-existent  among  the 
Canadian  troops,  as  each  man  signs  in  his  attestation 
papers  an  undertaking  to  undergo  vaccination,  which  is 
universal. 

Dysentery  has  occurred  in  a  slight,  sporadic  form,  but 
not  as  either  epidemic  or  endemic.  Such  cases,  even 
though  only  suspected,  are  sent  to  a  special  hospital  in 
each  army  direct  from  the  field  ambulance,  admitting  by 
motor  ambulance  convoy  car. 

(h)  Saniiarij  Control  in  the  Field. 
The  two  important  parts  of  this  many-sided  problem  are 
water   control   and  disposal  of   waste.     The  organization 
necessary  is  briefly  as  follows: 

1.  Battalion  and  unit  sanitary  sections,  specially  detailed 
aud  trained  by  unit  medical  oificers  and  employed  under 
their  direction.  Responsibility  rests  with  each  O.C.  for 
his  own  lines,  the  M.O.  acting  as  adviser. 

2.  Divisional  sanitary  section  under  a  specially  qualified 
medical  officer,  who  is  also  divisional  sanitary  officer,  under 
command  of  A.D.M.S.  of  Division,  reportiug  to  him,  aud 
employing  the  other  ranks  of  his  unit  as  inspectors  over 
the  whole  area  occupied  by  the  Division  with  reference  to 
water  supply,  dispasal  of  waste,  and  conservancy  arrange- 
ments of  every  sort. 

The  opinion  has  beeu  steadily  growing  that  for  the  semi- 
siege  type  of  warfare  so  far  prevailiug  on  the  Western 
front,  too  frequent  moves  of  these  divisional  sauitary  sec- 
tions detract  seriously  from  their  usefulness,  aud  that  they 
should,  within  limits,  be  made  more  permanently  respon- 
sible for  the  areas  with  which  they  have  become  familiar, 
after  the  manner  in  which  town  majors  and  camp  com- 
mandants are  employed. 

With  respect  to  tlie  protection  of  the  water  supply,  iu 
addition  to  the  supervision  maintaiued  by  the  divisional 
sauitary  sections,  which  is  good,  the  Canadian  corps  has  in 
action  a  water  patrol.  This  patrol  places  a  second  check 
upon  the  chloriuation  of  water. 


Experience  has  shown  that  a  water  which  gives  a  good 
reaction  for  tlie  presence  of  free  chlorine  half  an  hour  after 
the  addition  of  cliloride  of  lime  cau  be  considered  a  safe 
water.  The  requisite  amount — 1  gram  (1  scoop),  or  more, 
to  110  gallons  (the  capacity  of  the  water-cart) — is  gauged 
by  testing  at  frequent  intervals  during  the  day,  the  amount 
varying  according  to  the  organic  content  of  the  water. 
Small  cases  are  supplied  to  the  British  Expeditionary 
Force,  whereby  sanitary  or  regimental  medical  officers  may 
so  test  water  aud  establisli  the  amount  of  chloride  of  lime 
necessary  to  produce  sterilization.  Mobile  laboratox'ies  are 
available  to  examine  and  give  any  information  on  request. 
Muddy  water  must  first  be  filtered,  otherwise  steriUzation 
will  not  be  complete,  the  chloride  of  lime  failing  to  penetrate 
to  the  centre  of  particles  of  mud. 

Water  patrols,  covering  a  Canadian  corps  area,  are  in 
charge  of  an  officer  under  the  "  Q  "  Branch.  A  survey  is 
made,  maps  prepared,  aud  information  collected.  The 
corps  area  is  then  subdivided  into  patrol  sections,  each 
section  being  patrolled  by  one  N.C.O.  and  five  men 
(permanent  base).  The  duties  of  these  patrols  are  as 
follows  : 

(a)  To  see  that  rivers,  streams,  ponds,  wells,  and  springs 
are  not  polluted. 

(i)  To  see  that  no  washing  and  no  watering  of  horses 
are  done  at  auy  but  authorized  points. 

(c)  To  see  that  no  material  connected  with  the  corps 
water  system  is  destroyed  or  removed  without  corps  or 
divisional  orders. 

(d)  To  visit  daily  ea.ch  of  the  water  tanks,  stand-pipes, 
etc.,  where  water  carts  are  filled,  collecting  the  daily 
report  from  the  "  divisional  control  "  in  charge. 

Divisions  are  responsible  that  all  orders  regarding 
chlorinatiou  and  "  water  details"  are  carried  out,  and  also 
all  instructions,  such  as  those  mentioned  in  paragraph  (6). 
Any  unit  not  complying  with  instructions  regarding  water- 
supply  is  reported  by  the  water  patrols  to  the  water  patrol 
officer,  but  this  does  not  relieve  divisions  from  their 
responsibility  tor  seeing  that  all  instructions  are  carried 
out.  Where  a  unit  is  reported  to  the  water  patrol  officer 
a  report  is  forwarded  to  the  division  concerned.  Should 
the  same  unit  be  reported  a  second  time,  a  report  is  for- 
warded to  corps  head  quarters.  Men  belonging  to,  or 
attached  to,  the  divisional  sanitary  sections  are  detailed 
as  "  water  controls  "  by  the  O.C.  sanitary  sections  for  all 
authorized  supplies  iu  the  divisional  area.  These  water 
controls  keep  a  "  daily  tank  report"  in  triplicate,  which 
sets  forth  the  condition  of  carts  drawing  water,  condition 
of  lime,  etc.  A  copy  of  these  reports  is  forwarded  daily  to 
the  divisional  sauitary  officer,  one  copy  to  water  patrol 
officer,  and  one  copy  is  retained  as  record  by  the  water 
control.  The  divisional  sanitary  officer  is  responsible 
that  the  necessary  steps  are  taken  to  prevent  a  recur- 
rence. The  O.C.  water  patrols  summarizes  these  daily 
tank  reports  once  a  week  ;  a  copy  of  this  is  sent  to  the 
D.D.M.S.     A  record  is  thus  kept. 

Other  matters  pertaining  to  the  water  supply  are  also 
reported  to  the  D.D.M.S.,  and  thus  the  medical  services 
work  iu  conjunction  with  the  other  branches  to  maintain 
as  adequate  and  good  a  supply  of  drinking  water  as 
possible. 
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The  incidence  of  water-borne  diseases  in  the  Canadian 
corps  has  been  low,  and  it  may  be  said  has  only  occasioned 
anxiety  wlien  conditions  wore  such  as  to  interfere  with, 
or  prevent,  tlic  maintenance  of  tliose  measures  which  have 
been  indicated  above. 

Reference  sliould  be  made  to  the  very  important  topic 
of  baths  and  laundries.  lu  most  British  divisions  it  is 
understood  that  these  establishments  are  under  the  control 
and  administration  of  the  A.D.M.S.  for  the  "A  and  Q" 
branch  of  the  staff.  In  the  Canadian  divisions  the 
practice  has  been  to  relieve  the  medical  service  of  this 
responsibility  and  to  place  in  charge  a  capable  business 
man  who  is  an  oflicer  seconded  from  his  unit  to  the  staff 
of  the  division.  This  has  given  excellent  results,  and 
would  seem  to  be  less  wasteful  of  the  special  training 
of  the  medical  officers,  though  close  co-operation  always 
exists  between  the  A.D.M.S.  and  the  officer  in  chargeof  baths 
and  laundries  through  the  A. A.  and  Q.M.G.  The  Foden- 
Thresh  lorry  disinfector,  for  instance,  which  is  on  charge 
to  the  sanitary  section  and  under  the  control  of  the 
A.D.M.S.,  is  kept  in  operation  at  the  divisional  baths,  where 
the  men  exchange  their  soiled  clothing  for  fresh.  Ordnance 
by  arrangement  makes  issue  of  socks  and  underwear 
through  the  baths  officer. 

Clinical  Progress  in  Medicine  and  Surgery. 
The  barest   reference    alone    is   possible   to   so   wide   a 
subject;  a  few  topics  of  interest  have  been  selected. 

1.  Injuries  and  Diseases  of  the  Lang. 
In   a  general  way  we  have  come  to  a  set  method  of 
treating  wounds  of  the  lung,  which  usually  reach  the  base 
hospital  not  earlier  than  the  fifth  day  after  "iuHiction.    Gun- 
shot  wounds   rarely,   sliell   wounds  frequently,  are  com- 
plicated.    Haemothorax  is  usually  demonstrable,  and  the 
history  of  haemoptysis  is  generally  present.     The  rapidity 
with  which  blood  is  spat  up  after  wounding  depends  on 
whether  the  upper  or  lower  part  of  the  lung  is  wounded, 
the  haemorrhage  being  most  prompt   in  the  case  of  the 
former.     Fever  is  usually  present  in  the  earlier  days,  often 
disappearing  by  the  sixth  or  seventh  day.     Wiien  the  fever 
continues  we  draw  off  blood  from   the  pleura  for  the  pur- 
pose of  culture;  such  cultures  usually  prove  sterile.     As  a 
usual  thing  we  draw  off  by  aspiration  the  blood  about  the 
tenth  day  ;  sometimes  the  blood  so  drawn  off  is  replaced 
m  a  few  days  by  effusion,  so  that  subsequent  aspirations 
may  need  to  be  made.     Tlie  blood  so  drawn  off  is  some- 
times replaced  by  oxygen,  the  outflow  of  blood  and  the 
inflow  of  oxygen  being  made  througli  separate  needles  at 
the  same  time.     Of  late  we  have  not  felt  so  keenly  the 
necessity  for  the  use  of   oxygen  ;    our  idea  was  that  the 
replacement  allowed  a  less  chance  of  disturbance  of  the 
bulk  of  the  lung,  with  consequent  haemorrluu-e.     An  un- 
complicated   case   is   tit   to   travel,  we    judge,  about    the 
thirteenth  or  fourteenth  day.     The  possibility  of  seasick- 
ness and  vomiting   is  the  chief  reason  against  allowin" 


cases  to  travel  at  an  earlier  date,  as  the  repair  of  the  lun" 
wound  seems  to  be  relatively  slow.  ° 

With  shell  wounds  of  the  lung,  and  in  cases  where  the 
toreign  body  remains  in  the  chest  cavity,  no  set  method  of 
treatment  is  possible.  Tlie  .,•  ravs  and  the  fluoroscopic 
screen  are  used  to  the  fullest  extent  in  all  these  cases-  a 
certain  small  percentage  of  patients  with  foreign  body  are 
found  amenable  to  early  operation  with  removal.  The 
relative  infrequency  of  infection  of  the  pleural  blood  is 
remarkable.  I  have  personally  seen  only  two  cases  of  «as 
infection  of  the  pleural  blood,  both  of  which  recovered.  "  A 
number  of  other  infectious  by  large  bacilli,  which  miabt 
have  been  gas  bacilli,  but  were  not  certainly  so,  have  been 
treated  as  empyema  and  drained,  and,  so  far  as  we  know, 
with  recovery  in  all  cases. 

In  a  winter  such  as  1916-17,  there  was  a-  great  preva- 
lence of  infection  of  the  respiratory  tract,  including 
pneumonia,  but  it  is  remarkable  how  little  prevalen't 
lobar  pneumonia  has  been.  Severe  cases  of  bronchitis, 
tracheitis,  and  laryngitis  are  common,  and  loss  of  the 
speaking  voice  is  very  often  seen.  It  is  difficult  to 
distinguish  mild  broucliopueumouia  from  severe  cases  of 
bronchitis,  and  the  presence  of  pueumococcus  is  in  no 
sense  diagnostic,  as  most  cases  show  it  to  be  present.  The 
diagnosis  has  to  be  made  on  clinical  grounds,  and  most 
frequently  a  high  degree  of  physical  disturbance,  con- 
tinued high  fever,  and  the  presence  of  blood  streaks,  blood 
or  rose  colour  in  the  sputum,  is  used  to  determine  the 
diagnosis  in  favour  of  bronchopneumonia. 

A  tendency  to  extension  of  the  disease  from  one  part  of 
the  lung  to  another  at  dift'erent  times  in  the  course  of  the 
malady  is  remarkable,  so  that  sometimes  patients  are  ill 
for  weeks,  with  apparent  extensions  of  the  disease  ;  the 
final  chart  of  such  a  patient  looks  like  a  typhoid  fever 
chart ;  so  true  is  this,  that  in  many  cases  we  have  been 
compelled  to  make  agglutination  tests  for  typhoid  and 
paratyphoid  fever,  with  almost  constantly  negative  results. 
The  ab.sence  of  sunny,  clear  weather  in  winter  in  the 
northern  parts  of  P'rance  .seems  to  be  responsible  for  the 
slow  convalescence  of  many  patients  suffering  from  disease 
of  the  respiratory  tract. 

_  2.  Continueil  Fevers  (or  "  P.U.O."  Cases). 
Considering  the  cases  of  continued  fever  (or  "pyrexia 
of  unknown  origin  "|  coining  to  tlie  hospital,  it  becomes 
necessary  to  divide  them  into  the  constituent  diseases— 
namely,  typhoid  and  paratyphoid  fevers,  so-called  trench 
fever,  and  other  less  specific  infections.  Since  the  whole 
army  is  iuoculatcti,  the  cliuiciau  is  no  longer  able  to 
determine  on  clinical  grounds  whether  a  case  of  continued 
fever  be  typhoid,  paratyphoid,  or  another.  The  classical 
signs  of  enlarged  palpable  spleen,  rose  spots,  etc.,  jiie  too 
often  absent.  A  dirty  tongue  implies  gastro-intcstinal  dis- 
turbances but  is  in  no  wise  specific.  The  old-fashioned 
Widal  test  is  useless  because  it  is  positive  by  reason  of 
inoculation.     It  therefore  becomes  necessary  "to  make  a 
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quantitative  agglutination  test,  -which  is  done  in  series; 
this  is  done  at  intervals  of  not  less  than  four  days,  and 
the  positive  diagnosis  of  typhoid  or  paratyphoid  "  A  "  or 
"  B  "  may  bo  possible  by  observing  that  there  is  an 
agglutination  curve  and  not  a  stable  agghitination  line. 
From  tliis  it  will  be  inferred  that  a  diagnosis  is  sometimes 
made  by  a  quantitative  fall  in  aggkitination  power  as  well 
as  by  a  rise,  the  fall  or  rise  depending  upon  the  phase  in 
agglutination  power  which  the  blood  sliows  at  the  time  it  is 
taken.  No  longer  is  the  typical  typhoid  temperature  chart 
to  be  seen.  Eegular,  more  or  less  continued  fever,  or  even 
an  acutely  relapsing  fever  is  to  be  seen;  patients  belonging 
to  this  group  sliow  very  frequently  myalgic  pains,  pains  m 
the  neck,  pains  in  the  thighs,  pains  in  the  shin  bones,  so 
that  a  diagnosis  of  the  so-called  trench  fever  upon  clinical 
grounds  becomes  as  diiiicult  as  a  diagnosis  of  typhoid  and 
paratyphoid  fever.  All  the  cases  admitted  into  one  base 
hospital  during  a  certain  period  last  winter  with  the  pro- 
visional diagnosis  of  pyrexia  of  unknown  origin— that  is  to 
sav,  cases  which  were  clinically  transient  pyrexias  with 
no"  'symptoms  beyond  the  elevation  of  temperature  and 
malaise— were  examined  bacteriologically,  and  it  was 
demonstrated  that  68  per  cent,  were  typhoid  or  para- 
typhoid. Blood  cultures  and  examinations  of  the  stools 
for  typhoid  and  paratyphoid  fever  were  singularly  use- 
less. During  the  winter  150  cases  suspected  of  typhoid 
or  paratyphoid,  whose  stools  were  examined  three  times 
in  succession,  gave  no  positive  result  on  any  occasion. 

3.  Methods  of  Localizing  Foreign  Bodies. 
A  large  percentage  of  the  work  done  in  an  operating 
room  of" a  base  hospital  in  war  time  consists  in  the  re- 
moval of  foreign  bodies.  It  is  essential  that  this  should 
be  done  with  the  least  possible  amount  of  traumatism,  and 
this  means  that  the  position  of  the  foreign  body  should  be 
definitely  known  before  the  operator  begins  to  work.  The 
localization  of  these  foreign  bodies  becomes  therefore 
almost  an  art  in  itself,  and  the  development  of  that  art— if 
one  may  so  call  it— in  the  course  of  this  war  would  be  per- 
fectly amazing  to  a  civil  surgeon.  It  is  proposed,  therefore, 
to  "ive  as  briefly  as  possible  an  account  of  the  different 
methods  used  to  locate  accurately  any  foreign  body. 

For  foreign  bodies  of  known  dimensions— for  example, 
rifle  bullets  and  shrapnel  balls— a  Canadian  radiographer, 
Captain  A.  Howard  Pirie,  has  devised  a  very  ingenious 
scale,  based  upon  the  fact  that  the  shadow  of  the  foreign 
ioody  increases  in  size  as  the  plate  is  removed  farther 
from  the  body.  Suppose,  then,  the  plate  to  be  in  contact 
with  the  skin,  all  that  one  has  to  do  is  to  measure  the 
size  of  the  skiagram  of  the  foreign  body,  and  compare  it 
with  the  scale,  which  will  at  once  indicate  the  depth  from 
the  skin  surface  of  the  foreign  body.  A  reference  to  the 
cross  section  atlas  will  then  at  once  give  one  the  position 
of  the  foreign  body.  . 

The  Mackenzie  Davidson  method,  by  triangulation,  of 
localizing  the  depth  of  a  foreign  body  from  a  mark,  placed 
previously  upon  the  skin,  is  in  constant  use  for  all  foreign 
bodies,  such  as  pieces  of  shell,  which  are  of  unknown  size. 
If  there  is  reason  to  believe,  after  measuring  the  depth 
of  the  foreign  body  and  comparing  it  with  the  atlas,  that 
the  foreian  body  is  in  the  thorax  or  the  abdomen,  a  stereo- 
scopic view  is  then  taken  and  the  location  of  the  body  is 
easily  determined  by  looking  into  the  adjustable  stereo- 
scopic apparatus.  ^  ,        c    ^  ii      1 

As  aids  in  the  operating-room,  we  place  first  the  large 
electro-magnet  bearing  the  name  of  Bergonie  of  Paris.  By 
its  use  can  be  determined  the  exact  position  of  all  electro- 
maonetic  substances,  and,  fortunately,  German  bullets  are 
electro-magnetic,  whilst  the  English  and  French  bullets 
are  not.  Even  when  these  bodies  are  deeply  situated,  and 
their  vibration  cannot  readily  be  made  out  by  the  hand,  it 
can  easily  be  heard  by  the  stethoscope,  placed  on  the  skin 
opposite  the  electro-magnet.  A  sound,  very  like  a  steam- 
boat whistle,  indicates  the  nearest  point  to  the  foreign 
body,  and  the  skin  is  marked  at  that  point.  In  the  case  of 
non-magnetic  foreign  bodies,  such  as  lead,  brass,  and 
nickel,  or  in  the  case  where  a  magnetic  foreign  body  is 
embedded  in  bone,  and  therefore  cannot  vibrate,  we  have 
recourse  to  the  use  of  the  telephone  probe  or,  rather, 
forceps.  This  is  of  great  assistance  in  locating  the  foreign 
body,  either  in  the  soft  tissues  or  in  the  bone,  and  enables 
us  to  extract  it  with  a  minimum  of  damage  to  the  tissues. 


In  other  cases,  again,  when  the  foreign  body  will  not 
vibrate,  or  has  possibly  changed  its  position  in  the  soft 
parts  since  the  ji-ray  picture  was  taken  (and  this  is  notably 
so  with  foreign  bodies  in  joints),  we  operate  under  the 
fluoroscopic  screen. 

It  should  be  borne  in  mind  that  practically  all  the 
stationary  and  general  hospitals  sent  by  Canada  have  come 
from  the  medical  faculties  of  the  universities.  A  list  of 
these  it  would  not  at  the  present  juncture  be  wise  perhaps 
to  publish,  but  the  fact"  that  each  one  includes  in  its 
personnel  the  selected  specialists  and  teachers  in  all 
branches  of  medicine  and  surgery  from  every  medical 
faculty  in  the  country,  ensured  from  the  outset  a  very 
high  standard  of  professional  efficiency.  In  addition, 
effective  military  administration  has  in  most  cases  been 
secured,  as  in  most  of  the  universities  there  were 
medical  men  of  military  experience,  both  in  the  militia 
and  in  the  South  African  war,  and  in  the  Canadian 
permanent  service. 

It  is  no  improper  divulging  of  official  secrets  to  say  that, 
both  in  the  Mediterranean  area  and  in  France,  the  highest 
army  medical  authorities  state  that  they  have  found  these 
Canadian  units  second  to  none  in  the  whole  service.  Their 
facilities  for  good  service,  too,  are  enhanced  by  the  posses- 
sion in  several  instances  of  large  funds  subscribed  by  the 
friends  of  their  universities  at  home  for  additions  to  their 
equipment  and  supplies. 

Laboratory  and  Eeseakch  Work. 
The  third  main  topic  suggested  at  the  outset  of  this 
article  was  laboratory  and  research  work.  Again,  figures 
and  statistics  may  not  be  given,  and  in  any  case  could  be 
as  yet  only  partial.  But  valuable  work  has  been  done  by 
Canadian  workers,  both  in  Canadian  mobile  laboratories 
and  in  collaboration  in  British  units,  in  Britain,  in  France, 
and  in  the  Mediterranean. 

An  enormous  volume  of  work  has  been  done  also  as  part 
of  the  daily  routine  of  the  general  and  stationary  hospitals, 
which  requires  time  for  the  making  of  generalizations. 
Special  researches  of  which  one  has  heard  have  been 
made  upon  continued  fevers,  pyrexias  of  unknown  origin, 
nephritis,  trench  fever,  stomatitis,  meningitis,  and  epidemic 
jaundice. 

Dental  Services. 
No    account   of    the   work   of   the   C.A.M.C.   would   be 
adequate  which  failed  to  recognize  the  good  work  of  the 
dental  officers. 

The  dental  profession  in  Canada  is  entirely  distinct  from 
the  medical  in  respect  of  both  training  and  control. 
There  are  separate  Acts  of  Parliament  for  each  of  the 
professions  in  all  the  provinces.  It  may  be  that  these  cir- 
cumstances underlay  the  decision  of  the  late  Minister  of 
Militia  to  establish  a  separate  Canadian  Army  Dental 
Corps.  Members  of  the  dental  corps  are  posted  one  to 
each  field  ambulance  in  the  field,  and  to  each  casualty 
clearing  station  and  stationary  and  general  hospital.  In 
addition,  there  is  a  corps  dental  laboratory,  where 
artificial  dentures  are  made  and  repaired  with  very  little 
loss  of  time  or  delay,  such  as  was  the  case  when  there 
was  no  laboratory  nearer  than  the  base  in  France.  The 
loss  of  military  time  from  dental  causes  has  been  reduced 
to  a  minimum. 

Apart  from  the  value  of  their  professional  services  to  the 
troops  at  the  front,  which  cannot  be  overstated,  the  dental 
officers  with  field  ambulances  take  their  full  share  of 
military  duty  in  their  units,  on  the  same  footing  as  the 
medical  officers,  and  have  thus  still  further  proved  their 
iudispensability. 

In  France  the  dental  service  has  been  placed  com- 
pletely under  the  medical  service,  as  it  was  realized  that 
only  one  channel  would  be  permitted  for  which  a  man 
mi"ht,  for  reasons  connected  with  health,  be  allowed 
to  "escape  duty.  The  arrangement  has  been  completely 
effective  and  satisfactory  to  both  dental  and  medical 
officers. 

Tlie  thanks  ot  the  writer  are  due  for  their  collaboration  in  the 
riroductiou  of  tliis  article  to  various  officers,  and  among  them  : 
Lieut  -Colonel  A.  P.  Bazin,  O.C.  —  Canadian  Field  Ambulance. 
Lieut.-Colonel  F.  S.  L.  Ford,  C.M.G.,  A  D.MS  -  Canadian 
Division.  Lieut.-Colonel  John  McCrae,  Lieut.-Colonel  J.  M. 
Elder,  —  Canadian  General  Hospital.  Major  A.  C.  Rankin, 
D.D.M.S.  Staff,  Canadian  Corps.  Major  J.  S.  Jenliins, 
D.A.D.M.S.,  —  Canadian  Division. 
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